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Abstract 
 
 
Water Conservation as a Best Management Practice for the Mitigation of 
Combined Sewage Overflows- 
 Case Study: Gowanus Canal, Brooklyn, NY 	  
By:	  
	  Suzanne	  Stempel	  	  
	  
Advisor:	  
	  Dr.	  Zhongqi	  Cheng.	  
 
Public participation plays an important role in wet weather pollution management. 
However, the effects of participation programs on local water quality are often difficult to 
quantify. This project aims to quantify the potential effects of a community based, non-structural, 
best management practice aimed at controlling inputs to combined sewage systems by 
encouraging residents to reduce their water use during rain events. A household could participate 
by reducing the amount of water they use for flushing toilets, washing dishes, taking showers, 
etc. during rain events; thereby reducing stress on the system during the time of highest demand.  
The Gowanus Canal sewershed in Brooklyn, NYC was used as a case study for this project. The 
proposed management practice was tested using (1) sewershed modeling to assess technical 
feasibility, and (2) a quantitative community survey to gauge local interest. Modeling results 
showed that while projected reductions in flow volume were quite low, reductions in pollutant 
loads were promising. Modeled pollutant load reductions, specifically those for Fecal Coliform 
and Nutrients were favorable compared to those typically achieved using green infrastructure 
approaches. Survey results indicated positive interest in participating in the water conservation 
program.  Results regarding public understanding suggest that educational efforts aimed at 
increasing sewershed awareness and specific training regarding the effects various types of water 
v	  	  
use have on water quality would be beneficial to the success of such a program. Overall, results 
indicate that with further evaluation, the practice of conserving water during storm events may 
serve as a community-based complement to engineered pollution controls in urban regions.  
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Chapter 1: Introduction-  	  
The growth and urbanization of the United States has given rise to considerable pollution 
of surface waters, in large part due to continued wet weather discharges. For much of the 20th 
Century, wet weather management in the United States focused on the quick conveyance of 
stormwater flows to surface waters in order to avoid flooding. It was not until the 1990’s that 
receiving water quality became an issue, and not until even more recently that the issues of 
sustainability and local involvement came to the forefront (Brown, 2008).  
 
Figure 1.1- Diagram of Combined Sewer System (Image: portlandoregon.gov; accessed 
April 2014).  
 
Stormwater systems in the United States are, for the most part, divided into two 
categories: separate and combined. Separate systems are not connected to the local sewer system 
and are designed to convey only stormwater to local waterbodies. Combined systems are 
connected to the local sewer system. When local water treatment facilities are overwhelmed, 
2	  	  
combined sewer systems discharge mixed stormwater and raw sewage directly into natural 
waterbodies. Effluent from combined sewer overflows (CSOs) contains a wide array of 
pollutants, including heavy metals, nutrients, and human pathogens (USEPA, 1994). Throughout 
the Country, over 700 communities currently rely on CSO systems (USEPA, 2001). These are 
mainly small communities located in the Northeastern and Great Lakes regions of the Country. It 
is important to note; however, that a few larger cities, most notably Atlanta, Philadelphia, and 
New York City (NYC) are also included (USEPA, 2005). For nearly 20 years, these regions have 
been mandated to control CSO-related pollution (USEPA, 1994).  Although most of these 
communities have undertaken as least some action to control discharges, a substantial amount of 
work remains to be done (USEPA, 2004). 
Increased rain volume and subsequent pollutant loading have been linked not only to 
degradation of natural water quality, but also to increased outbreaks of food and water-born 
diseases (Rose, et.al. 2001). Thus, wet weather pollution can be viewed as a threat to both 
environmental and public health. As it is predicted that storm intensity will increase as the 
climate changes, it becomes clear that we must plan for these threats to increase in the years to 
come (USEPA, 2008).  As these threats grow and change, our management plans must be able to 
expand and adapt. 
Wet weather pollution discharges are controlled using best management practices 
(BMPs). These practices include structural engineering-type controls along with non-structural 
measures such as policy changes and community education programs. The role of non-structural 
controls, specifically community involvement,  has been gaining importance in recent years due 
to the fact that the sources of wet weather pollution are, to a large extent, controlled by the 
community around them (USEPA, 2005). For this reason, community involvement programs are 
3	  	  
a required  by the United States Environmental Protection Agency (USEPA) as part of 
management plans for communities dealing with both separate and combined stormwater 
systems (40 CFR 122.34(b)(2); USEPA, 1995).  
The goal of this project is to assess a new non-structural, community based BMP aimed 
at controlling sewage contributions to the combined sewer/stormwater system in the Gowanus 
Canal sub-sewershed of New York City (NYC).  During rain events combined sewage systems 
have to deal with the normal daily sewage loads as well as the additional volume from rain run-
off.  Most urban BMPs focus on lowering the stormwater portion of this flow in order to reduce 
the stress on the system and prevent or lessen CSO flows. This project will address a BMP aimed 
at lowering the sewage portion of the flow. The proposed BMP would encourage residents in the 
region to reduce their water use during rain events. A household could participate by reducing 
the amount of water they use for flushing toilets, washing dishes, taking showers, etc. during 
storm events; thereby reducing the stress on the CSO system during the time of highest demand, 
and in turn reducing the flow volume and total pollutant load of the CSO discharge.  
4	  	  
Chapter 2: Study Area-  	  
 
Figure 2.1- Map of Gowanus Canal sewershed (shaded green) with CSO outfalls (red 
circles),     pump station (blue triangle), and regulators (yellow squares). Data Sources: 
NYCDOITT (hydrography); NYCDEP (sewer); NYCDCP (civil boundaries); USDA 
(orthoimage).  
 
The Gowanus Canal, located in Brooklyn, NY (see figure 2.1) was used as a case-study 
for this project. Originally a tidal creek, the canal was dredged in the mid-1800s and quickly 
became one of the Nation’s busiest terminals. The banks of the 1.5 mile-long canal were lined 
with heavy industry including tanneries, soap manufacturers, coal processors, gas works, 
chemical plants, paint factories, and oil refineries. Table 2.1 from New York City’s Gowanus 
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Facility Plan (NYC, 2008a) shows a comparison of the canal’s watershed characteristics pre and 
post- urbanization. 
 
Table 2.1- Comparison of pre-development and urbanized characteristics for the Gowanus 
Canal drainage area from NYC, 2008a).  
 
 
 
The current drainage basin of the Gowanus Canal is approximately 1,758 acres. Most of 
the industrial and commercial properties are located along the banks of the canal, with the 
remainder of the sewershed being mostly residential and mixed residential. There are three 
public housing units within the watershed, Wyckoff Gardens just to the north of the canal, the 
Gowanus Houses to the west of that, and Red Hook Houses to the southwest (see figure 2.2). 
There are eight neighborhoods at least partially within the Gowanus sewershed: Park Slope, 
Gowanus, Carroll Gardens, Boerum Hill, Prospect Heights, Red Hook, Downtown Brooklyn, 
and Greenwood.  Based on the 2010 American Community Survey, the neighborhoods of 
Downtown, Park Slope, Boerum Hill, and Prospect Heights have mean family incomes well 
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above the NYC average of $77,897/year (see appendix i). The neighborhoods of Greenwood, 
Gowanus, and Red Hook remain working class, with mean family incomes mainly in the average 
to below-average range for NYC.  The section of Greenwood included in the sewershed is 
mainly highway/ industrial, and is largely non-residential. The map below shows the present-day 
land use in the Gowanus region. 
 
 
 Figure 2.2- Map of Land Use within the Gowanus Canal Sewershed. Data Sources: 
NYCDOITT (hydrography); NYCDEP (sewer); NYCDCP (land use); USDA (orthoimage).  
 
The canal was listed as a Superfund site in Spring 2010. The Superfund designation 
specifically targets the historic pollution located in the toxic sediments of the canal. Three of the 
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main pollutants of concern for the Superfund listing are poly-cyclic aromatic hydrocarbons 
(PAH), poly-chlorinated biphenyls (PCB), and lead (Pb) all of which are present in high enough 
concentrations to cause significant human health risks (USEPA, 2011).  
In addition to being used as a sink for industrial wastes, the canal has also been used as 
an outfall for raw sewage and untreated industrial wastewater.  There are currently 11 identified 
CSOs that regularly discharge into the canal (see figure 2.1). When the capacity of the 
wastewater system is overwhelmed, the CSOs carry untreated stormwater and raw sewage 
directly into the canal. Attempts to address this problem have been an ongoing effort. In 1911, a 
flushing tunnel was installed to pump some of the more oxygenated water from the Buttermilk 
Channel portion of the East River into the canal and thereby accelerate discharge from the canal. 
This tunnel was in operation until the mid-1960s. Work is currently underway to repair and 
modernize the flushing tunnel (NYC, 2008a). Two wastewater treatment facilities service the 
canal region: the Owls Head facility which opened in 1957 and the Red Hook facility which 
began operations in 1987 (NYC, 2008a). The annual discharge of each CSO and storm sewer 
pipe that empties into the Canal is displayed below in table 2.2, from NYC, 2008a. 
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Table  2.2- Gowanus Canal drainage volumes under baseline and proposed improvement 
conditions (from NYC, 2008a).  
 
 
  
NYC is currently under a consent order from the State of New York to resolve the CSO 
issue (NYSDEC, 2004). According to the September 2013 record of decision (USEPA, 2013) 
CSO’s will also be addressed as part of the Superfund clean-up due to the fact that target 
pollutants have been detected in wet weather discharges to the canal. The USEPA will oversee 
the City in lowering overflow volume in the heavily polluted upper and middle sections of the 
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canal by approximately 34 percent. The proposed mechanism for flow-volume control is the 
placement of two holding facilities (USEPA, 2013).  
 
 
Figure 2.3- Map of the Gowanus Canal with delineated sub-sewershed basins and RH-034 
highlighted. Locations of CSO outfalls, pump stations, and regulators are also displayed. 
Data Sources: NYCDOITT (hydrography); NYCDEP (sewer); NYCDCP (civil boundaries); 
USDA (orthoimage).  
 
The sewershed area draining to the largest outfall to the canal, RH-034, was selected as a 
case study site for this project (see figure 2.3). The sewershed area for this basin is 657 acres 
which drain to the Red Hook Waste Water Treatment Plant. The outfall RH-034 is connected to 
the Gowanus pump station. This pump system is designed to divert flow to an interceptor via a 
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flushing tunnel. The pump station was recently upgraded to include a screen to capture 
floatables. The upgrades also increased the pumping capacity of the station from 20MGD to 
30MGD (NYC, 2008). Once this capacity has been exceeded, flows are diverted to the outfall 
RH-034 which consists of four, 163’’ diameter pipes that discharge to the head of Gowanus 
Canal (NYC, 2008).  
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Chapter 3: Review of Literature-  	  
3.1 Brief History of Urban Water Pollution Control in the United States 	  
Pollution of surface waters has been a problem throughout the history of the United 
States. In colonial America, residential sewage was disposed of in backyard privies and/or open 
sewers where it mixed with industrial wastes from local factories, tanneries, and slaughterhouses. 
By the 1730’s the water in New York City was considered “scarcely fit to drink” (Bridbaugh, 
1938) and by the 1760’s was so polluted that purchasing spring water from carriers became the 
norm (Duffy, 1990) As population in America exploded, cities did little to keep up with growing 
sanitation needs. Advances in water purification and pollution control often correlated with 
public health tragedies.  As physicians began to piece together the connection between raw 
sewage and the spread of disease, epidemics of yellow fever, cholera, and typhoid spurred 
improvements in public sanitation (Andreen, 2003a).  
The development of modern plumbing in the 1800’s, including the flush toilet, 
compounded existing water pollution problems. Pipe water systems drastically increased per 
capita water use, and subsequently, sewage volume. Limited sewer systems of the time could not 
keep up with the growing sewage flows. Many municipalities enacted ordinances aimed at 
lowering inflows to their systems. Boston, for example, had a law that banned bathing without a 
doctor’s note in the 1840’s (Armstrong, 1976). In the 1850’s Chicago and Brooklyn debuted the 
Nation’s first comprehensive, city-wide sewer systems (Metcalf and Eddy, 1928). By 1911, most 
major U.S. cities had constructed sewage systems; however, the majority of these systems 
conveyed raw sewage and stormwater directly into local waters (Andrews, 1999) a system 
known today as a combined sewer system.   
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Combined systems became popular because they were much cheaper to construct than 
systems that carried sewage and stormwater separately. Tarr (1979) suggests that the reason early 
municipalities so often chose combined sewage conveyance systems was due to a lack of 
agreement within the industry regarding what constituted an acceptable system, thus allowing the 
cheaper system to win out in a cost/benefit analysis. Municipal engineers of the time held to the 
belief that running water would eventually purify any wastes (Andreen, 2003a). However, 
scientists and physicians began to argue that while cheaper to construct, these systems, in fact, 
carried heavy costs. An early issue of Scientific American warned that this form of sewage 
disposal was choking “our rivers with foul deposits” (Scientific American, 1869).  In the early 
1900’s, scientists at the Lawrence Experiment Station in Massachusetts proved that running 
water did not have the purifying properties commonly attributed to it, at least in the case of 
typhoid. This disease served as a good platform for change because it infected many urban 
residents regardless of economic status. At that point, scientists began to advocate for the 
treatment of sewage before it was discharged. Advances such as activated sludge treatment, still 
in use today, quickly followed (Andreen, 2003a).  
New developments and technology for treatment of urban sewage discharges did not 
catch on quickly enough. A 1903 copy of Engineering News posited that it was “more equitable” 
to have a downstream city filter its water than to force the upstream city to treat its sewage 
(Engineering News, 1903)  Arguments between engineers, physicians, and politicians continued 
with the Governor of New York stating in 1909 that “we can no longer afford to permit the 
sewage of our cities and our industrial wastes to be poured into our watercourses” (Tarr, 1966) 
and Teddy Roosevelt stating a year later that “civilized people should be able to dispose of 
sewage in a better way than putting it into drinking water” (Hays, 1959). Unfortunately, as is 
13	  	  
often the case, short term costs continued to win out and by the 1960’s 3,500 cities and towns 
across the United States were still discharging raw sewage directly into surface waters (Stein, 
1962). To compound this problem, industrial discharges increased dramatically with the post-
World War technology booms. The majority of these went unchecked, and by 1970 only 29% of 
the industrial wastewater discharged received any treatment at all (Rodgers, 1971).   
Despite the Federal Water Pollution Control Act of 1948 and its amendment in 1965, 
water quality throughout the Country continued to deteriorate. The Water Pollution Control Act 
of 1972, commonly called the Clean Water Act (CWA) set the goal of eliminating water 
pollution by 1985 and allotted significant Federal funds for research and infrastructure to help 
accomplish this goal (Armstrong, 1976). Further advances were made in the 1990’s with the 
addition of phase 1 and 2 of the National Pollution Discharge Elimination System (NPDES), 
which targeted small and large separate stormwater discharges (Dodson, 1995). Included under 
the NPDES permit program was the 1994 Federal CSO Control Policy which established a 
national approach for dealing with sewage discharges (USEPA, 1994). The CWA was amended 
in 2000 to include the Wet Weather Quality Act which required all storm and sanitary discharges 
to comply with the CSO Control Policy. Communities across the Nation have been working to 
come into compliance, but a large amount of work remains to be done.  As of 2001, the USEPA 
stated that wet weather discharges were still the leading source of pollution to rivers across the 
Country (USEPA, 2001).   
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3.2 Current Management of Combined Sewage Overflows in the United States 	  
Today, most municipalities in the United States have invested in separate stormwater and 
sewer systems; however, over 700 communities across 32 states  still rely on combined systems 
that regularly discharge raw sewage into local waters (USEPA, 2014; see figure 3.1).  Most of 
these are small communities, but a few large cities including Chicago, New York City, 
Philadelphia, Atlanta, and Washington D.C. are still relying on CSO systems.  Discharges from 
CSO’s are a public health concern in many of these regions. Rose et al., 2001 states that 
outbreaks of water-borne diseases across the Country can be correlated to rainfall events. In 
addition, a study in the Atlanta region found outbreaks of West Nile Virus to be clustered 
around, and statistically associated with CSO-affected streams (Vazquez-Prokopec, Eng, Kelly, 
Mead, Kolhe, Howgate, Kitron, and Burkot, 2010).  
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Figure 3.1- Map displaying the geography of CSO communities throughout the United 
States (Image: USEPA; 2004).  
 
In accordance with the Federal CSO Control Policy (USEPA, 1994), municipalities with 
CSO systems are required to submit a Long Term Control Plan (LTCP). The plan must contain 
the following elements: characterization, modeling and monitoring; public participation; 
sensitive area identification; evaluation of alternatives; cost performance consideration; 
operational plans; maximization of existing treatment plants; implementation schedule; and a 
post construction monitoring plan (USEPA, 1995).  
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Control options available to CSO communities are divided into two basic categories: 
“grey” and “green” infrastructure (USEPA, 2014). It is typical for cities to use a combination of 
these approaches when addressing CSO’s. Grey infrastructure includes traditional engineering 
controls such as (1) Retrofits, where existing systems are updated to perform at peak standards; 
(2) System Separation, where the CSO system is converted into a closed sewer system and a 
separate stormwater system; and (3) Diversion, where CSO flows are re-directed to deep tunnels 
or holding tanks. Green Infrastructure refers to engineered systems where natural matrices are 
used to capture and hold stormwater flows and reduce flow volume within the system. Examples 
of Green infrastructure include porous pavement, green roofs, and bio-swales. These controls are 
discussed in further detail in section 3.3.  
Though all CSO communities have been mandated to control CSO flows since 1994, the 
rate of progress has been highly variable. The main reason for this is the extreme cost of 
mitigating these expansive systems (Tibbetts, 2005; Landyres and Welch, 2012). Tibbetts (2005) 
points out that grey control strategies such as holding tanks and tunnels are typically the most 
straight-forward options; however, these systems cost hundreds of millions of dollars, which can 
be cost-prohibitive for many municipalities. Portland, OR is an example of a city that has had 
success controlling their CSO system through a combination of system separation and diversion; 
however, this success came with a high price tag. They report that over their 21-year LTCP 
process, they were able to reduce CSO flow volumes by 96%. At the same time, sewer rates 
within the City have risen by 400% over the span of the project (State of Oregon, 2011). Rate 
hikes like this are simply not feasible for many Cities.  
Green infrastructure has recently been proposed as a more cost-effective control strategy 
for communities aiming to control CSO discharges. A recent guidance document from the 
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USEPA encourages all cities to integrate green infrastructure into their LTCPs due to the added 
environmental and social benefits of the technology. They note that while green infrastructure 
alone will not likely be able to fully control CSO flows, they can significantly reduce the 
downstream flow and need for the more expensive “grey” controls (USEPA, 2014). The most 
recent CSO consent order handed down to New York City included a stipulation that green 
infrastructure be included in the City’s LTCP (NYSDEC, 2004). 
Public participation is a required element of the LTCP process (USEPA, 1995). Most 
cities address this requirement by (1) holding a series of informative public meetings to raise 
awareness and (2) working towards real-time notification and warning systems for CSO 
overflows (State of Oregon, 2011; District of Columbia, 2002; City of Seattle, 2013, City of 
Atlanta, 1999, City of St. Louis, 2011, NYC, 2012b). Figure 3.2 displays a schematic from the 
City of St. Louis’s LTCP which serves as a good example of the goal of raising awareness that 
many municipalities have set forth for their public participation plans (City of St. Louis, 2011).  
Public warnings about CSO discharges range from real-time online maps open for all to view 
(State of Oregon, 2011) to members-only email and social media groups that post updates when 
systems overflow (District of Columbia, 2002, City of Atlanta, 1999).  
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Figure 3.2- Schematic from City of St. Louis, 2011 detailing the process of public 
participation in the City’s LTCP.  
 
 The City of Seattle, WA is an example of a community that has gone beyond the general 
requirements of the USEPA’s template LTCP (USEPA, 2007) and integrated a diverse 
community participation plan. Seattle has online, real-time warnings for CSO outfalls within the 
district that are accessible to the public at any time (see figure 3.3). They have also instituted the 
RainWise program which offers rebates to property owners who disconnect their roof and 
channel drainage and re-rout it through natural drainage systems installed on their property. The 
program began in 2010 and to date has led to the addition of over 250 installed cisterns and rain 
gardens in the area (City of Seattle, 2013). The City shares their success by displaying a map of 
all participating residents on their website (see figure 3.4).  
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Figure 3.3- City of Seattle’s real-time CSO discharge warning map; accessed April 2014 
from: http://www.kingcounty.gov/environment/wastewater/CSOstatus/Overview.aspx.  
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Figure 3.4- City of Seattle RainWise Participants; accessed April 2014 from: 
https://rainwise.seattle.gov/city/seattle/share_projects.  
 
3.3 Sustainable Practices for Urban Wet Weather Pollution Control   	  
Wet weather pollution is managed by what are termed Best Management Practices 
(BMPs). The purpose of these controls is to capture wet weather pollution at its source, rather 
than allowing it to discharge into traditional stormwater or CSO systems. The term BMP refers 
to grey and green structural mechanisms such as holding tanks and bio-retention systems, but 
also includes non-structural components such as policy changes and educational programs. As 
shown in figure 3.5, BMPs are often used in combination to target different aspects of wet 
weather pollution flow (Tsihrintzis and Hamid, 1997; Villarreal and Bengtsson, 2004).   
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Figure 3.5- Flowchart of common stormwater pollution sources and BMPs (recreated from 
Tsihrintzis and Hamid, 1997).  
 
This section will focus on BMPs utilized by urban regions working to sustainably control 
wet weather pollution. Wet weather pollution control in urban regions is particularly difficult due 
to high population density, high levels of imperviousness, and increasingly limited space 
(Montalto, et al., 2012). Thus, typical BMPs for rural or suburban regions, such as large retention 
ponds, are often not suitable for urban regions. To deal with this challenge, many cities have 
looked to green infrastructure (GI) and low impact development (LID) for solutions NYC, 2010; 
Montalto et al., 2012). These approaches include networks of engineered systems that mimic 
natural ecosystem functions that have been lost or altered due to human activity (Carter and 
Fowler, 2008). The goal of GI and LID for wet weather pollution control is not merely to capture 
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or contain urban runoff like traditional structural controls, but to reduce the overall creation of 
urban runoff (Montalto et al., 2012).  As stormwater runoff volumes are lowered, more room is 
opened up in the combined sewage system to accommodate storm flows and prevent or reduce 
CSO events (NYC, 2010). Four examples of common BMPs for urban regions including 
pervious pavement, green roofs, bioretention, and non-structural controls are discussed below. 
3.2A Porous Pavement  	  
 
Figure 3.6: (A) Example of porous pavement (image, pcs.mn.state.us; accessed September, 
2013); (B) Typical components of a porous pavement system (image USEPA.gov; accessed 
September, 2013).  
 
Porous pavement usually consists of a porous asphalt layer overlying a gravel and sand 
layer which serves to facilitate infiltration to the sediment (Boving, Stolt, Augenstern, and 
Bronson, 2007; see figure 3.6).  This BMP can be used on parking lots, sidewalks, and low-
traffic roads to increase permeability and thus decrease runoff. Porous pavement targets pollutant 
loads associated with roadways and vehicles including heavy metals from brake and tire wear 
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(Davis et al, 2001), petroleum hydrocarbons (Boving, 2002),  excess salt from road applications 
(Howard and Beck, 1993),  fertilizer,  and pesticides from nearby runoff (Schiff and Sutula,  
2004). Porous pavement has been shown to reduce stormwater runoff in the area it is applied by 
over 90% (Legert and Colandini, 1999; Dreelan et al, 2006).  Significant pollutant load 
reductions are associated with this reduction in flow. Loads for Zinc, Lead, Copper, and 
Cadmium have been shown to be reduced by up to 80% (Legert and Colandini, 1999; Boving, 
Stolt, Augenstern, and Bronson, 2007). Boving, et al. (2008) showed that PAH’s were also well 
removed, with reductions up to an order of magnitude. Nutrients were not as successfully 
removed, with reductions only reaching 27%. A concern with porous pavement is the clogging of 
the pores, which can inhibit infiltration and overall performance of the BMP. Such clogging has 
been shown to occur most often in regions of high traffic, snow piling, and sand/salt application.  
 
 
 
 
 
 
 
 
 
 
 
24	  	  
3.2B Green Roofs 	  
 
Figure 3.7- (A) Example of a green roof (image, umd.edu; accessed September, 2013); (B) 
Typical components of a green roof system (image USEPA.gov; accessed September, 2013).  
 
Green roofs are attractive pollution control options in urban regions because they take 
advantage of existing unused space and have the added benefits of providing green space and 
increasing energy efficiency of the buildings that host them (NYC, 2012a). Green roofs work by 
converting once impervious regions into pervious ones (see figure 3.7). Further storage can be 
attained with the addition of rain barrels or cisterns.  A review of green roof efficiency 
completed by Berndtsson (2010) found that flow was reduced 45-78% in areas where green roofs 
were installed. Pollution removal rates for green roofs have been shown to be variable and to 
depend on the types of plants incorporated as well as seasonal variables (Berndtsson, 2010; 
Steusloff, 1998). Steusloff (1998) found that green roofs have removal rates ranging from 92-
97% for the heavy metals Zinc, Copper, and Lead. However, in 2006 Berndtsson found elevated 
levels of Copper and Iron in runoff from green roofs as compared to a control. Removal of 
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nutrients by green roofs has been shown to be variable. Kholer, et al. (2002) found that 
Phosphorous removal ranged from 28-80% and tended to increase over time. Berndtsson’s 
review in 2010 showed Nitrogen removal to be even more variable, and noted that many studies 
indicated green roofs to be a net source of Nitrogen.  
 
3.2C Bioretention  	  
 
Figure 3.8- (A) Example of bioretention (image, USEPA.gov; Accessed September, 2013); 
(B) Typical components of a bioretention system (image, Bratieres et.al. 2008).  
 
Bioretention is a term that can be used to describe both small and large scale projects. In 
urban regions, smaller scale projects such as bio-swales or expanded tree-pits are often the most 
appropriate. These BMPs work in much the same way green roofs do by converting a once 
impervious space into a pervious one (see figure 3.8). They also add green space and additional 
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habitat for the neighborhoods where they are installed. Such projects provide filtration via a soil 
media covered with appropriate vegetation for the region (Bratieres et. al, 2008).  Bioretention 
has been shown to have a variable effect on stormwater flow volumes. Hatt, et al. (2008) 
conducted a large-scale analysis and found flow reduction to range from 15-80%, with an 
average of 30% for the 125 columns they studied. Pollution removal rates have also been found 
to be variable for bioretention projects. Davis et al. (2003) studied the removal of heavy metals 
in bioretention systems. They found that Copper removal ranged from 47-97%, Lead removal 
ranged from 70-95%, and Zinc removal ranged from 64-95%. While these removal rates are 
encouraging, they noted that accumulation of the metals in the soil column was a concern over 
the lifetime of the project. As with green roofs, Nitrogen removal within bioretention systems 
has been found to be questionable, with many studies suggesting that Nitrogen may be increased 
in runoff from these projects (Davies, 2001, Bratieres, et al., 2008, Hatt, et al., 2008).    
3.2D Non-Structural BMPs  	  
 Non-structural BMP’s include, but are not limited to, planning and regulatory controls, 
education programs, and participatory efforts aimed at reducing pollution to local waters. 
Planning and regulatory controls work to reduce pollution through proactive zoning decisions 
along with appropriate water quality standards. For example, the State of Florida now requires 
“no net increase in loadings for a project site under post-development conditions compared with 
loadings discharging from the site under pre-development conditions” (FDEP, 2007). Other 
regions have adopted similar plans. The state of New York suggests that local municipalities 
“adopt a construction/post-construction stormwater regulation as a local law” (NYSDEC, 2004). 
In regions where surface waters are particularly vulnerable, tightening water quality and runoff 
standards can be an effective control method. As part of the Clean Water Act (Section 303(d)), 
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the Federal Government is now enacting the Total Maximum Daily Load (TMDL) program 
which is aimed at addressing local water quality standards. Under this regulation, localities must 
develop a list of impaired water bodies, determine the total load of specific pollutants the 
waterbody can handle to still meet water quality requirements, and develop a plan to meet this 
load. This program has spurred regions across the Country to re-think their water quality 
standards, with over 50,000 waterbodies now listed as impaired (USEPA, 2013).  
In contrast to these regulatory approaches, educational and participatory programs are 
aimed at reducing pollution by raising awareness, changing the public’s attitudes, and ultimately 
their behavior. Examples of such programs include media campaigns, volunteer opportunities, 
and training programs. Such efforts are harder to quantitatively monitor and evaluate than 
structural BMPs because their effects are less direct, but nonetheless evident. Taylor and Wong 
(2002) state that the magnitude of observed behavior change varies greatly depending on the 
nature of the promoted activity. These programs will be discussed in greater detail in the 
following section.  
3.3 Public Involvement in Water Pollution Management 	  
The National Environmental Policy Act (NEPA) calls for the “integrated use of natural 
and social sciences…in the planning and decision making which may have an impact on the 
environment (NEPA, 1969 S102, 2A)”.  The field of wet weather pollution management has, in 
general, taken a long time to embrace this call for the integration of the social sciences. Part of 
the challenge in this transition to more sustainable management is that the issue is inherently an 
interdisciplinary one. The sources of surface water pollution are controlled, to a large extent, by 
the community around them (USEPA, 2005).  Public participation efforts have proven to be 
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especially helpful in residential areas where pollution prevention is done on a voluntary basis as 
the result of local action (Dietz and Clausen, 2004).  
In 2003, an article in Science stated that with this transition to newer forms of long-term 
water management, all stakeholders must be involved, not only those who are traditionally 
trained in the fields of engineering and hydrology (Gleick, 2003).  Public participation has been 
shown to be a key factor in the success of both structural and non-structural BMPs. It has been 
suggested that increased public involvement spurs sustainability by allowing for the 
incorporation of local knowledge into the existing scientific methods (Shandas and Messer, 
2008). In addition, participation allows the community to gain understanding about the role they 
play within their watershed, and presents them with opportunities to take ownership and practice 
citizenship (Duram and Brown, 1999).  
Concepts of community participation and buy-in were demonstrated in a 2007 study 
where Montalto et al. found that GI approaches could be made most cost-competitive with 
traditional approaches when implemented through public-private partnerships. In a more recent 
study, Montalto, et al. (2012) again highlighted the importance of public involvement when 
planning to incorporate GI or LID into a community. They found that in working class 
neighborhoods, residents tended to be suspicious of even the most well-intentioned government 
sponsored projects due to the top-down manner in which they have historically been 
implemented, and the role they often play in the physical and economic displacement of the 
underrepresented populations. It was noted that this distrust was not limited to the lower income 
communities. There were often groups in high income neighborhoods that were against any type 
of development at all, be it for general preservation of the neighborhood, or due to a “NIMBY” 
(not in my back yard) response. A study in Portland, OR echoed this seeming distrust of the 
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government to solve local watershed problems. However, this study showed that over the 12-
year observation period, increased public involvement through a cooperative government/ 
university/ community program began to change that attitude. They suggest that “by taking part 
in stewardship, community members can begin to re-establish the connection between their 
actions and the health of the environment (Shandas and Messer, 2008, p.416)”. 
The rise of the NPDES permit in the United States has spurred public participation efforts 
in non-structural BMPs as some form of community education and/or outreach is required by 
municipalities holding a permit (40 CFR 122.34(b)(2)). CSO communities are also required to 
develop public participation programs as they develop the Long Term Control Plans (LTCPs) 
required under the 1994 Federal CSO Control Act. These regulations give communities some 
freedom to design their own methods of education and outreach, which has led to the 
development of a wide range of programs. These efforts are classified as pollution source 
controls and aim to modify behaviors of the community-at-large that contribute to surface water 
pollution (Taylor and Wong, 2002).  Examples of such initiatives include media campaigns, 
brochures, and signage aimed at raising public awareness of wet weather pollution related issues. 
There is evidence that interactive outreach programs are more effective at influencing 
behavior change than the more traditional, consultant-type education models (Taylor and Wong, 
2002B).  In a 2002 paper, Ryan and Brown claim the educational campaigns that make up the 
majority of outreach efforts, while important and well-intentioned, are “limited in their capacity 
to produce the sorts of outcomes that will achieve social action”. They state that for programs to 
truly influence community behaviors, they must contain an element of participation. A 2010 
study in South Carolina highlights this concept. Following an educational campaign, a survey 
showed that while over 60% of the population surveyed were aware that proper septic system 
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care was important for local water quality, only 34% had actually had their system pumped in the 
past five years (Giacalone, et al., 2010).  More evidence of the importance of participation was 
presented in a survey of watershed-health related behaviors in the Chesapeake Bay region. This 
study noted that while media campaigns and intensive training were both effective educational 
methods; the media campaigns worked more to raise awareness, while the training programs did 
more to actually change household behaviors (Swan, 2000).   
The Master Gardener program implemented in Florida, which includes intensive 
participatory training sessions, is a commonly cited example of a successful program. According 
to Lofland, 1999, active participants in the training program had a change rate for the tested 
behaviors of 36% compared to rates of 24% for those who only went to seminars, and 15% for 
those who only received publications.  A controlled study in Connecticut paired two similar 
neighborhoods, collected two years of baseline data on water quality and residential behavior, 
and then began an intensive education program in one of the neighborhoods. The education 
program included elements of participation such as home visits and training in proper lawn 
maintenance and other household stormwater BMPs. After the education program ended, 
implementation of BMPs in the test neighborhood increased by 34%, accompanied by significant 
decreases in NO3 and bacteria in the stormwater runoff from the neighborhood (Dietz and 
Clausen, 2004). While it is still difficult to quantify the cumulative effect these programs have on 
water quality; such examples are building evidence that outreach efforts involving intensive 
training and community participation have better impact on behavior change than education 
alone (Taylor and Wong, 2002; Dietz and Clausen, 2004).   
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3.4 Combined Sewage Overflows in New York City  	  
New York City is still operating with a combined sewage system. At this time there are 
approximately 460 outfalls discharging raw sewage and stormwater into the City’s waters during 
wet weather events (NYSDEC, 2004; see figure 3.9). The City has been under a consent order to 
develop a CSO abatement program since 1992.  This order has been modified several times, 
most recently in 2011 to include a call for the incorporation of green infrastructure into future 
plans (NYSDEC, 2011).  
 
Figure 3.9- Map of CSO locations throughout New York City.  Data Sources: NYCDEP 
(sewer); NYCDCP (civil boundaries).  
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The City Department of Environmental Protection (NYCDEP) is currently working 
towards developing a Long Term Control Plan (LTCP) for CSOs as is required under the Clean 
Water Act and the Federal CSO Control Policy.  Plans will be developed on a waterbody-specific 
basis for the 10 waterbodies within NYC. The plans for the Gowanus Canal and Newtown Creek 
will be developed along with USEPA Superfund activities. Planning began in March 2012, and 
it’s estimated that the entire LTCP process for the City will be completed by 2018 (NYC, 
2012b).  
A public participation plan for the LTCP was published in June 2012. The goal of the 
plan is to “raise awareness about, foster understanding of and encourage input on the 
development of waterbody-specific and citywide LTCPs (NYC, 2012b)”. This process will begin 
with a public survey aimed at building a picture of current stakeholder understanding and 
concerns, which will be incorporated into each LTCP. Lines of communication will be kept open 
throughout the planning process by employing traditional print as well as electronic and social 
media materials. The education goal of the plan will be met by providing grade-level appropriate 
modules to educators, developing graduate-level partnerships with local universities, and 
offering public tours of waterways and treatment facilities. A notable component of the open 
communication strategy which will help raise awareness is the development of a real-time 
notification system for CSO events. According to the plan, public participation efforts will be 
continually evaluated and adjusted to ensure that the strategies being used are as successful as 
possible (NYC, 2012b).  
Along-side the LTCP process, the City has developed the Sustainable Stormwater Plan 
(NYC, 2008b) and Green Infrastructure Plan (NYC, 2010). These plans include combinations of 
traditional, LID, and GI controls as well as non-infrastructure approaches such as community 
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involvement and education.  To date, over 30 projects have been constructed and monitored 
throughout the City.  According to the City’s pilot monitoring report (NYC, 2012a) most of the 
projects monitored were able to capture runoff from a 1-inch storm event. Retention in vegetated 
regions has improved with time, most likely due to greater establishment of the incorporated 
plants. Retention for porous pavement projects has shown some trade-offs, with Felxipave™ 
systems exhibiting greater retention, but more wear; and traditional porous asphalt systems 
having more structural integrity, but lower retention.  Interestingly, water quality monitored at 
project sites did not differ significantly from water quality of stormwater testing sites, suggesting 
that soil infiltration is not filtering pollutants as expected.  The City plans to continue the 
monitoring program which will include more water quality monitoring data, as well as 
information concerning the co-benefits of GI initiatives.  
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Chapter 4- Hypothesis and Justification  
 
4.1 Proposed BMP 	  
The goal of this project is to assess a new non-structural, community based BMP aimed 
at controlling sewage contributions to the combined sewer/stormwater system in the Gowanus 
Canal sub-sewershed of NYC.   This BMP would encourage residents in the region to reduce 
their water use during rain events. A household could participate by reducing the amount of 
water they use for flushing toilets, washing dishes, taking showers, etc. during storm events; 
thereby reducing the stress on the CSO system during the time of highest demand, and in turn 
reducing the flow volume and total pollutant load of the CSO discharge.  
 
4.2 Hypothesis 1 (H1) 	  
On the flow reduction potential of water conservation as a wet weather pollution BMP: 
For less intense storm events in NYC, water conservation as a BMP will work to reduce the flow 
volume of, or possibly prevent, CSO events to the Gowanus Canal.  
 
4.3 Justification of Hypothesis 1 	  
NYC has recognized water conservation as a low-cost method for maximizing the 
capacity of the existing CSO system. According to the 2010 Green Infrastructure Plan, the City 
has undertaken several initiatives including the installation of 834,000 automatic meter readers 
(AMRs) that allow for accurate, hourly measurement of both commercial and residential water 
use; partnerships with City agencies to encourage water conservation programs; and analysis of 
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the rate structure so as to encourage conservation (NYC, 2010).  The plan notes that even as 
population has increased, water use in the City has been decreasing at, on average, 0.9% per year 
which has lowered demand on the CSO system and allowed for more storage of stormwater 
flows (NYC, 2010). The 2012 City Environmental Quality Report (CEQR) highlighted the need 
to identify further opportunities for water conservation in order to mitigate CSO events (NYC, 
2012c). This study will focus specifically on residential water use because it accounts for nearly 
80% of the water used in the City (NYC, 2011). 
To date, most wet weather pollution BMPs target only the stormwater contributions to the 
CSO event. The proposed BMP would specifically target the sanitary sewage component of the 
CSO. During a CSO event, the ratio of sewage to stormwater is typically quite small. Two 
important variables affecting this ratio are population density and storm intensity. For this 
reason, some argue that for less intense storms in urban regions, sanitary sewage may account for 
a larger fraction of the total CSO discharge. Soonthornnonda and Christianson (2008) used 
chemical mass balance and positive matrix factorization models to quantify the relative 
proportions of sewage and stormwater during CSO events with low rainfall in the Milwaukee 
combined sewer region. They found that sanitary sewage made up between 27-56% of the total 
overflow volume, with the rest being made up of stormwater and a small possible input from 
groundwater. Therefore, it is logical to investigate a BMP that specifically targets the sewage 
portion of the CSO flow.  
Most of the rain events in the NYC region fall into the category of low intensity events; 
with approximately 90% of all rain events measuring 1.3in. or less within 24 hours (NYSDEC, 
2010).  This value is represented in figure 4.1 with a green line. The volume of a CSO discharge 
depends not only on the volume of rain, but also the holding capacity of the local wastewater 
36	  	  
treatment facility. Figure 4.1 displays a simplified curve for rain intensity and CSO overflow 
(modified from Montalto et al., 2007) for OH-007, one of the larger CSO outfalls to the 
Gowanus Canal; this “CSO- threshold” is represented with a red line. Each blue dot on the plot 
represents a precipitation event that occurred in NYC in 2010. 
 
 
Figure 4.1- Precipitation Intensity for NYC, 2010 (daily precipitation vs. daily total hours 
of precipitation for all days with measurable precipitation); Red Line: CSO threshold for 
the Gowanus Canal (modified from Montalto et al., 2007); Green Line: 90% design storm 
for NYC area, 1.3in or less within 24hrs.  
 
Precipitation events plotting below the threshold (red) line are not predicted to have 
trigged a CSO event, while those above the line are predicted to have triggered an overflow. 
Those plotting on or just above the threshold line are considered to be the most easily targeted by 
water conservation or other BMPs aimed at reducing or eliminating CSO flow.  In 2010, there 
were 102 recorded precipitation events in NYC.  Approximately 25% of those events plot above 
Data	  Sources:	  	  Montalto	  et	  al.,	  2007-­‐	  OH-­‐007	  CSO	  threshold	  curve	  NYS,	  2010.	  New	  York	  State	  Stormwater	  Design	  Manual	  	  Weather	  Underground	  Inc.	  METAR	  reports,	  Stn,	  KNYC	  Central	  Park	  	  NCDC	  HourlyPrecipitation	  Reports,	  Stn.	  	  COOP	  305801.	  NYC	  Central	  Park	  	  	  
Precipitation	  Intensity	  and	  CSO	  Trigger	  Points	  for	  the	  
Gowanus	  Canal,	  Brooklyn	  NY	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the CSO threshold line for OH-007 and are therefore predicted to have triggered a CSO event to 
the Gowanus Canal.  Of the CSO events, 72% were within the 90% storm range and are 
therefore considered representative of the most common CSO events for the NYC area. It is 
expected that water conservation as a BMP will be most successful at reducing CSO flow 
volume for this type of event, which represents the majority of CSO events within in the 
Gowanus region.  
 
4.4 Hypotheses 2 (H2) 	  
On the pollutant concentration reduction potential of water conservation as a wet 
weather pollution BMP:  Water conservation as a BMP will target the concentration(s) of sewage 
related pollutants in a way other stormwater BMPs cannot and should specifically help to lower 
the concentrations of the sewage-related pollutants.  
 
4.5 Justification of Hypothesis 2 	  
Table 4.1 below, displays the typical concentrations of the most common pollutants 
present within various forms of wastewater and stormwater.  CSO discharge is a combination of 
untreated domestic sewage and urban stormwater; therefore, the water conservation BMP should 
work to bring the CSO concentrations closer to the stormwater concentrations (see table 4.2).  
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Table 4.1- Typical concentrations for the most common pollutants in untreated domestic 
wastewater, secondarily treated wastewater, stormwater, and combined sewage overflows 
(CSO); recreated from (WEF,1999).  
 
Contaminant	  
Source	  
BOD5	  
(mg/L)	  
TSS	  
(mg/L)	  
Total	  N	  
(mg/L)	  
Lead	  
(mg/L)	  
Zinc	  
(mg/L)	  
Copper	  
(mg/L)	  
Fecal	  
Coliform	  
(count/	  
100mL)	  
Untreated	  
Domestic	  
Wastewater	  
100-­‐400	   100-­‐350	   4-­‐15	   0.1	   0.28	   0.22	   107-­‐109	  
Treated	  
Wastewater	  
(Secondary)	  
<5-­‐30	   <5-­‐30	   <1-­‐5	   0.15	   0.8	   0.03	   <200	  
Urban	  
Stormwater	  
Runoff	  
10-­‐250	   67-­‐101	   0.7-­‐1.7	   0.18	   0.02	   0.05	   103-­‐107	  
CSO	  
Discharge	  
25-­‐100	   150-­‐400	   1-­‐10	   0.37	   0.17	   0.03	   105-­‐107	  
 
Soonthornnonda and Christianson (2008) characterized CSO pollution by source using a 
chemical mass balance and positive matrix factorization modeling approach. They found that 
within a CSO, the BOD5, TP, NH3, and Bacteria levels were largely due to the contribution of 
the sanitary sewer (note: this study did not investigate Total N) . Thus, it is expected that the 
concentrations of these pollutants in particular will be lowered if water use is lowered during rain 
events.  
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Table 4.2- Comparison of Green Infrastructure best management practices (BMPs).  
BMP 
Flow 
Reduction 
Fecal 
Coliform 
Reduction 
TSS 
Reduction 
Nutrient 
Reduction  
Metal 
Reduction  
Green Roof 45-78% 1, 2 Variable 3 variable 4 N: Variable/ may be added 2                                      
P: 26-80% 
5 
Cu, Zn, Pb: 
92-97% 
6 
Porous 
Pavement 93-96% 
7, 8 N/A 3 73-84% 8 N & P: 27% 9  Cu, Zn, Pb: 
73-84% 
8 
Bioretention  33% 10 Variable
1
;           
not effective
3 90% 
11 N: variable/may 
be added 
10, 11, 12  
P: 85% 
11 
Cu: 43-97%, 
Pb: 70-95%, 
Zn:  64-95% 
13 
Sources: 
1
 Dietz, 2007; 
2
  Berdtsson, 2010; 
3
 Clary et.al., 2008; 
4
  Morgan et.al., 2011; 
5
  Kholer et.al., 2002; 
6
 
Stusslhoff, 1998; 
7
 Dreelan et.al., 2006; 
8
 Legret and Colandini, 1999; 
9
 Boving et.al., 2008; 
10
  Hatt, Fletcher, and 
Deliltic, 2008; 
11
 Bratieres, 2008; 
12
 Davis, 2001; 
13
 Davis et.al.2003; 
14
 Results from current study at 50% 
conservation  
 
 
A comparison of green infrastructure BMPs (Table 4.2) shows that while these options 
are quite effective at reducing flow and removing many of the target pollutants, fecal coliform 
and Nutrients stand out as not being well removed. The most recent monitoring report on the 
performance of green infrastructure projects in NYC suggests that the water quality at project 
sites does not differ significantly from the water quality at stormwater testing sites. This 
indicates that these projects are not filtering pollutants as expected (NYCDEP, 2012). Therefore, 
it would be worthwhile to consider an additional BMP to specifically target sewage-related 
pollutants. It is expected that the proposed BMP would complement existing GI and LID efforts 
to maximize pollutant load reductions.  
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4.6 Hypothesis 3 (H3) 	  
On community participation in water conservation as a wet weather pollution BMP: 
Taking part in the water conservation BMP would be considered a pro-environmental act. 
Citizens with positive situational and psychological variables will be more likely to demonstrate 
an environmentally positive attitude and act in a pro-environmental way.  
 
4.7 Justification of Hypothesis 3 	  
In general, positive environmental attitudes correlate with responsible environmental 
behavior (Roberts and Bacon, 1997). Figure 4.2 below, reproduced from Barr, 2007, displays 
how both situational and psychological variables affect environmental attitudes and 
environmental behavior.   
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Figure 4.2- Diagram outlining the influence of situational and psychological variables on 
environmental values and environmentally conscious behavior; from (Barr, 2007).  
 
The main situational variables expected to play a role in the decision to participate in the 
proposed BMP are socio-demographics and proximity. In general, young, highly educated, high 
income earning individuals are the most likely to have pro-environmental attitudes (Dunlap, et 
al., 2000; Barr, 2007; Roberts and Bacon, 1997).  Roberts and Bacon (1997) demonstrated that 
personal experience, such as living close to a landfill in the case of waste management, has been 
shown to provide extra motive to act in a pro environmental way. A survey of watershed-level 
stormwater behaviors in Australia also noted that geographic variables, such as perceived 
neighborhood size and proximity to waterbodies are related to pro-environmental decision 
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making (Syme, et al. 2002).  Thus, it is expected that residents dwelling in close proximity to the 
Canal will be more likely to participate in the BMP.  
The main psychological variables associated with this behavior are expected to be 
logistics and environmental threat. It has been shown that logistical factors such as time to act 
and the perceived ease or convenience of the behavior play a role in the decision to act (Ajzen, 
1991, Gamba and Oskamp, 1994, and Steel, 1996).  The water conservation BMP represents a 
change in a households “status quo” behavior, therefore it is predicted that logistics may be a 
barrier to implementation of the BMP.  However, it is predicted that another psychological 
variable, environmental threat, may overcome this barrier. In a 1992 study, Baldassare and Katz 
found that if an individual feels an environmental threat to their personal well-being, it can over-
ride other predictors and motivate the individual to act in a pro-environmental way.  
Data gathered from the 2010 U.S. Census and American Community Survey (ACS) was 
used to create a basic predictive model using situational variables that could be tracked 
geographically to predict how willing residents around the Gowanus Canal would be to 
participate in the water conservation BMP.  A full description of the model is given in Appendix 
i. Results of this model are displayed below in figure 4.3.  
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Figure 4.3- (A) Results of the predictive model for components distance, education, and 
income. (B) Results of predictive model for predicted participation. Data Sources: NYCDCP 
(Civil Boundaries), 2010 Census (Income), 2010 American Community Survey (Education).  
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Chapter 5: Methods-  	  
5.1 Storm Event Modeling 
 
H1 and H2 were tested using the freely available version of USEPA’s Storm Water 
Management Model (SWMM). The model was used to simulate CSO flow volumes (H1) and 
pollutant loads (H2) to the Gowanus Canal on an annual basis as well as for individual storm 
events at various levels of residential water conservation. SWMM is a dynamic mathematical 
model which utilizes hydrologic and hydraulic data to simulate runoff water quality and quantity.  
In this case, the model was used to simulate CSO flow volumes and pollutant loads to the 
Gowanus Canal on an annual basis as well as for individual storm events at various levels of 
water use.  
At this time, there are no monitoring stations installed at any outfalls to the Gowanus 
Canal, therefore validation against real-time data was not possible. The City is currently planning 
to install flow-meter stations for post construction monitoring at the Gowanus pump station as 
well as at outfall OH-007. Thus, in the coming years current model projections may be able to be 
further validated and improved.  Model projections for this project were validated against current 
City projections which reflect all systems described in the Gowanus Facility Plan (NYC, 2008), 
have been updated to include all recent upgrades to the Gowanus pump station,  and reflect 
recent adjustments to climatic conditions in the NYC region (NYC, 2013).  
The sewershed network for RH-034 was parameterized within SWMM based on slope, 
channel flow, pipe, regulator, and pump station data received from the New York City 
Department of Environmental Protection (NYCDEP). This data was calibrated by the City 
during the Inner and Outer Harbor CSO planning project and updated with field measurements 
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during the NYCDEP’s Use and Standards Attainment project (NYC, 2008).   All recent upgrades 
to the Gowanus Pump station were built into the model.  
 
 
Figure 5.1- Map of Gowanus Canal sewershed (shaded green) with CSO outfalls (red), 
pump station (blue), and regulators (yellow). Data Sources: NYCDOITT (hydrography); 
NYCDEP (sewer); NYCDCP (civil boundaries); USDA (orthoimage). 
 
Water use within the system was modeled as dry weather flow (DWF). The dry weather 
flow for RH-034 was represented by a diurnal time pattern provided by NYCDEP. Dry weather 
flow patterns for each individual outfall were determined by taking monitored flow data from the 
Red Hook treatment plant an apportioning it by the population density for the given sewershed. 
46	  	  
The average daily DWF contribution from the RH-034 sewershed to the system was determined 
to be 7.2MGD (see figure 5.2).    
 
 
Figure 5.2- Baseline daily dry weather flow values for RH-034 (data from NYCDEP).  
 
Pollutants modeled for this project were Fecal Coliform (FC), Total Suspended Solids 
(TSS), Nitrogen (N), Phosphorous (P), Copper (Cu), Zinc (Zn), and Lead (Pb). Pollutant loading 
values were apportioned within the model as either dry weather flow or stormwater runoff. 
Stormwater runoff values were based on land use category. Four land use categories were 
considered for this model: highly urban, industrial, transportation, and open space. The 
sewershed region for RH-034 is characterized mainly as highly urban (see figure 5.3)   
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Figure 5.3- Land Use within the RH-034 Sewershed. Data Sources: NYCDOITT 
(hydrography); NYCDCP (civil boundaries); NYCDCP (land use); USDA (orthoimage).  
 
According to the 2012 NYC Pilot Green Infrastructure Monitoring Report (NYC, 2012b) 
runoff water quality in NYC is similar to that of other urban regions as listed in database 
references. Therefore, all stormwater loading values used were obtained from current literature 
or database sources. In order to match appropriate land-use categories, stormwater loading values 
were cited from two different sources: loading values for Fecal Coliform, Nitrogen, and 
Phosphorous were cited from the National Stormwater Runoff Database (Pitt et.al, 2004), and 
Total Suspended Solids, Lead, Copper, and Zinc values were cited from Stein et al, 2008.  
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Loading values for dry weather flow were obtained from WEF, 1999. All loading parameters 
used are displayed in table 5.1.  
 
Table 5.1 – Model loading values for dry weather flow and stormwater runoff by land-use 
category.  
 
Parameter 
Sewage Stormwater Build-Up by Land Use Category  
DWF Highly 
Urban 
Industrial Transportation Open 
Space  
Fecal Coliform 
(#/100mL) 
1*109 1.1*104 2.5*103 1.7*103 7.2*103 
Nitrogen (ug/L) 85000 1390 1400 2000 740 
Phosphorous (ug/L) 15000 260 260 250 310 
Total Suspended 
Solids (ug/L)  
350000 77.4 92.2 14.5 134 
Lead (ug/L)  10 28.4 24.1 3.3 1.2 
Copper (ug/L)  220 26 70.3 9.8 7.6 
Zinc (ug/L)  280 207.7 599.1 92.6 23.2 
DWF values: WEF, 1999, Prevention and Control of Sewer System Overflows ; Fecal Coliform, 
Nitrogen and Phosphorous Land Use Values: National Stormwater Quality Database, 2004; 
Total Suspended Solids, Lead, Copper, and Zinc Landuse Values: Stein, et.al., 2008: 
Comparison of Stormwater Pollutant Loading by Landuse Type    
 
All meteorological data for this project was received from the National Climatic Data 
Center (NCDC). The “recent typical” climactic year for NYC has recently been updated to 2008 
(previously 1988), thus 2008 served as the model year for this project (NYC, 2013, See figure 
5.4). This adjustment reflects climactic changes including a 6in. increase in annual precipitation 
from previous model years. Precipitation data is reported on an hourly basis. The threshold for a 
recorded rain event is 0.01 in. of rain accumulated within a one hour period.  The JFK airport 
weather station in NYC reports a total of 46.3in. of rain for 2008. This equates to 98 rain events 
for the year when a separation time of 12hrs. between events is imposed.  
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Figure 5.4- Plot of previous and current average rainfall years for New York City (from 
NYC, 2013)  
 
A baseline model was run for the year 2008 using all incorporated data. The water 
conservation BMP was then modeled by lowering the average daily DWF value of 7.2MGD in 
5% intervals to a minimum of 50% below the baseline value, for a total of 10 test scenarios. 
Flow volume and pollutant load totals were modeled on an annual and event-specific basis.  The 
effect of the water conservation BMP was measured by comparing the CSO flow volume and 
pollutant loads for all parameters in the test scenarios to those projected in the baseline model.  
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5.2 Community Survey  	  
Willingness of the Gowanus community to participate in the water conservation BMP 
was evaluated via a quantitative community survey. The main goal of the survey was to 
determine whether the population residing in the Gowanus sewershed would be likely to 
participate in an effort to use less water during storm events in order to reduce pollutant loads to 
the Canal. Sub-questions investigated included: (1) Are residents aware that they live within the 
Gowanus sewershed; (2) Do residents feel concerned about or threatened by the Canal; (3) Do 
these factors change based on demographic or geographic lines? A full copy of the survey 
questionnaire can be found in Appendix ii.    
A predictive model based on situational variables that could be tracked geographically 
was created to guide survey distribution. The main situational variables expected to play a role in 
the decision to participate in the water conservation BMP were socio-demographics and 
proximity.  
Data gathered from the 2010 U.S. Census and American Community Survey (ACS) was 
used to create the model within ESRI ArcView GIS, version 10. Data was analyzed by census 
tract. Each tract was given a score for education, income, and proximity. The model was created 
using ESRI ArcGIS software, version 10.  Data was analyzed by census tract. The Socio-
demographic variables of income and education were used along with proximity information to 
create regions of predicted high, medium, and low participation. Predicted participation was 
generated by combining scores given to each census tract within the sewershed for education, 
income, and proximity to the canal. For education and income, the mean value for each tract was 
compared to the mean for the city as a whole. Those within 10% of the city average 
(77,897K/year for income, and 33% college attainment for education; ACS, 2010) were 
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considered to be in the average range and were rated medium likelihood of participation (score = 
1). Those in the above average range were rated high likelihood (score = 2), and those below the 
average range were considered low likelihood of participation (score=0). 
The distance tool within GIS was used to compute proximity scores. All tracts within 
500ft of the canal were rated high likelihood to participate (score = 2), those 501-1000ft away 
were rated medium (score = 1), and those farther away were rated low likelihood (score = 0). 
The score for each variable was then combined to generate a total for each census tract. When 
totaling the scores, proximity scores were doubled in order to give it the same weight as the 
socio-economic factors of education and income. Results of the predictive model are displayed in 
figure 5.5 
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Figure 5.5 (A) Results of the predictive model for components distance, education, and 
income. (B) Results of predictive model for predicted participation. Data Sources: NYCDCP 
(Civil Boundaries), 2010 Census (Income), 2010 American Community Survey (Education). 
 
A random cluster approach was used to select survey recipients. Total scores for each 
census tract were used to generate clusters of high, medium, and low likelihood of participation. 
Two tracts from each cluster, and then four blocks from each selected tract were then randomly 
selected for survey distribution. Figure 5.6 displays the likelihood groups and the blocks selected 
for survey. Psychological variables (logistics and environmental threat) and additional situational 
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variables (age, residence time, home ownership, people per household) that were not included in 
the predictive model were tested via survey questionnaire (see appendix i).  
 
 
Figure 5.6- Results of participation model with blocks selected for survey. Clusters 
represent High (green), Medium (yellow), and low (red) likelihood of participation in the 
water conservation BMP; Data Sources: NYCDOITT (hydrogeography), NYCDCP (civil 
boundaries), ACS2012 (demographic data); USDA (orthoimage).  
 
The survey was carried out via mail, using the Dillman Total Design Method (Dillman, 
1978, 1983, 1991). There are approximately 108,000 residents within the Gowanus Canal 
sewershed (NYC, 2008a), thus 272 survey responses were necessary to obtain a statistically 
representative sample (90% confidence).  
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Chapter 6:  Results and Discussion 
 
6.1 Storm and CSO Event Characteristics  	  
The National Weather Service records precipitation data on an hourly basis. The 
threshold for a recorded rain event is 0.01 in. of rain accumulated within a one hour period. 
Using this definition, the model reported 98 rain events and 42 CSO events (12 hr. separation 
times for each) for the year 2008. A plot of all 98 rain events is displayed in figure 6.1; events 
triggering a CSO are shown in red, while those not triggering a CSO are shown in blue.  
 
 
Figure 6.1- Ninety-eight modeled rain events for RH-034 in 2008. Events modeled to have 
triggered a CSO are shown in red; those not modeled to have triggered a CSO are shown in 
blue. Weather data was obtained from the National Climactic Data Center,  JFK Weather 
Station 94789.  
 
Rain events that did not lead to a CSO event were very small (<0.018in/hr intensity). 
Eight of the 42 modeled CSO events were triggered by small rain events, totaling less than 1/2in. 
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of rain each. These events were mainly short but intense spring and summer storms. The smallest 
event to trigger a CSO was modeled to be on June 6, 2008, with 0.22 in of rain over 12 hours.  In 
2008, there were 4 large (>2in.) rain events, all of which triggered CSO events. These were 
intense storms that lasted for long time spans (15+hrs). Most of the modeled CSO events for RH-
034 fell somewhere in-between these small and large event categories. See table 6.1 for basic 
characteristics of the CSO events modeled at RH-034 for 2008. For a list of the characteristics of 
all 42 storm events see appendix iii.   
 
Table 6.1- Basic characteristics of the 42 CSO events modeled at RH-034 for the year 2008.  
Event 
Characteristics 
Rain  
Total 
(in.) 
Rain 
Duration 
(hrs.)  
Rain Intensity 
(in/hr.) 
Peak Intensity 
(in/hr.) 
Overflow 
Duration 
(hrs.)   
Mean 0.962 15.14 0.078 0.328 3.75 
Minimum 0.220 2 0.018 0.080 0.6 
                          Maximum  3.420 56 0.332 1.360 23.2 
 
6.2. Modeled Flow Volume Reductions   	  
It was predicted in H1 that for smaller, less intense storm events, the water conservation 
BMP would work to reduce total overflow volume and/or prevent a CSO event from occurring. 
The baseline annual CSO flow at RH-034 was modeled to be 175MG (see table 6.2). The water 
conservation BMP did not drastically impact annual CSO flow volume at RH-034 (see figure 
6.2). Flow was modeled to be reduced by a maximum of just over 5% annually at 50% water 
conservation.  
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Figure 6.2- Annual flow reductions modeled at RH-034 as water use was dropped in 5% 
intervals to 50% below the baseline value.   
 
Flow volume reductions were also evaluated on an event-by-event basis. Table 6.2 
displays the minimum, maximum, and average event CSO flow volumes along with annual 
totals. The number of overflow events was not drastically affected by the water conservation 
BMP. Forty-two events were predicted by the model under baseline conditions; and only one 
event was eliminated as water conservation was increased to 50%. For a list of event durations 
for all 42 CSO events as water use was decreased in 5% intervals, see appendix iv. 
 In general, CSO volume reductions were small for all events modeled, regardless of the 
size of the rain event. Figure 6.3 shows rain event totals for all 42 modeled CSO events plotted 
against baseline CSO flow and maximum modeled flow reductions at 50% water conservation.  
For a list of flow volume reductions for all 42 storm events as water use was reduced in 5% 
intervals, see appendix v.  
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Table 6.2- Minimum, maximum, and average event flows, along with total annual flow 
volumes for all 42 CSO events modeled at RH-034 for the year 2008.  
 
Parameter Baseline 10% 
Conservation  
25% 
Conservation  
50% 
Conservation 
Minimum Event Volume (Gal.)  6,995 4,996 1,998 0 
Maximum Event Volume (Gal.)  25,429,659 25,343,724 25,084,921 24,658,245 
Average Event Volume (Gal.)  4,153,460 4,127,432 4,051,228 3,930,011 
Total Annual Volume (Gal.)  174,445,321 173,352,152 170,151,586 165,060,459 
 
 
Figure 6.3- Baseline CSO flow volume at RH-034 for 42 modeled CSO events (blue); CSO 
flow at 50% water conservation for 42 modeled CSO events (red).  
 
 The one event modeled to have been eliminated by the water conservation BMP 
occurred on 3/5/2008, and was one of the smallest storms modeled to have produced a CSO 
event for the year 2008. This event totaled 0.28 inches of rain over 6 hours and triggered a CSO 
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flow that lasted for 48 minutes. The baseline CSO flow for this event was modeled to be 
6,995Gal. This event was modeled to be eliminated at 40% water conservation. Figure 6.4 
displays a time series plot of this event at baseline flow, 25% water conservation and 50% water 
conservation.  
 
 
Figure 6.4- Modeled CSO flow pattern at baseline, 25% and 50% water conservation for 
the rain event occurring on 3/5/2008; the only event modeled to have been eliminated by 
the water conservation BMP.  
 
In contrast, the largest storm event modeled for 2008 occurred on 12/11/2008.  This event 
totaled 3.42 inches of rain over 56 hours and triggered a CSO flow that lasted for 14.6 hours. The 
baseline CSO flow for this event was modeled to be 25.5 MG. The total flow volume was so 
large that even when the dry weather flow portion was reduced by 50%, only a 3% reduction in 
total flow was achieved.  Figure 6.5 displays a time series plot of this event at baseline flow, 
25% water conservation, and 50% water conservation. 
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Figure 6.5- Modeled CSO flow pattern at baseline, 25% and 50% water conservation for 
the rain event occurring on 12/11/2008; the largest event modeled to have triggered a CSO 
event for the year 2008.   
 
The rain event that occurred on 9/9/2008 serves as an example of a typical event for the 
year 2008.  This storm totaled 0.77 in. of rain over 12 hours and triggered a 4.1MG CSO flow 
that lasted for 3.3 hours. Figure 6.6 displays a time series plot of this baseline flow along with 
modeled flows at 25% and 50% water conservation. The volume reduction in CSO flow for this 
event was small, totaling just under 5% even as water use was dropped to 50% of the baseline 
value. This pattern is typical of what was modeled for all 42 CSO events. These small reductions 
in flow are most likely due to the fact that the dry weather flow portion of the total CSO flow for 
each event was small enough that even large reductions in that portion could not have drastic 
effects on the total flow.  
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Figure 6.6 - Modeled CSO flow pattern at baseline, 25% and 50% water conservation for 
the rain event occurring on 9/9//2008. This event serves as an example of a typical rain 
event and CSO flow at RH-034 for the year 2008.  
 
6.3. Modeled Pollutant Load Reductions   	  
It was predicted in H2 that the water conservation BMP would lead to pollutant load 
reductions by specifically targeting the sewage related portion of the flow. The model predicted 
pollutant load reductions for all parameters tested, even given the low reductions projected for 
flow volume.  As predicted, the highest load reductions were modeled for Fecal Coliform and 
Total Suspended Solids, which was expected because these parameters are most strongly 
associated with the sewage portion of the flow being reduced via water conservation (USEPA, 
2001). Figure 6.7 displays the average annual pollutant load reductions for all parameters tested. 
In general, load reductions began to occur at 10% water conservation and continued to increase 
as water use was further reduced.  
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Figure 6.7- Average percent pollutant load reductions for all parameters tested as water 
use was lowered in 5% intervals to 50% below the baseline value.  
 
Pollutant removal trends were also analyzed on an event-by-event basis for the 42 
modeled CSO events for the year 2008. Table 6.3 displays baseline pollutant loads, along with 
the minimum, maximum, average, and total annual removals for each pollutant tested at10%, 
25% and 50% water conservation.  
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Table 6.3- Basic trends for modeled pollutant load reduction at RH-034. Baseline total 
loads are displayed along with reduction values at 10%, 25% and 50% water conservation. 
 
Baseline Total 
Load 
Fecal 
Colifor
m (#) 
Total 
Suspended 
Solids (lbs.) 
Nitrogen 
(lbs.) 
Phosphorous 
(lbs.) 
Zinc 
(lbs.) 
Lead 
(lbs.) 
Copper 
(lbs.) 
Minimum Event Load 4.9413 3.8037 0.9983 0.1751 0.0112 0.0019 0.0034 
Maximum Event Load 8.3716 6453.99 1872.15 326.12 38.23 5.32 8.07 
Average Event Load  1.8016 1386.02 384.84 67.24 6.35 0.95 1.51 
Total Annual Load 4.2717 32,947.47 10,145.03 1,760.53 258.98 33.99 48.95 
Load Reduction  at 
10% Water 
Conservation 
Fecal 
Colifor
m (#) 
Total 
Suspended 
Solids (lbs.) 
Nitrogen 
(lbs.) 
Phosphorous 
(lbs.) 
Zinc 
(lbs.) 
Lead 
(lbs.) 
Copper 
(lbs.) 
Minimum Reduction 1.0813 0.83 0.21 0.04 0.00169 0.00035 0.00065 
Maximum Reduction 4.3815 337.10 80.48 14.22 0.19868 0.08069 0.19303 
Average Reduction 9.4814 72.99 17.72 3.13 0.05565 0.02085 0.04556 
Total Annual 
Reduction 
3.9816 3,065.46 744.09 131.32 2.33721 0.87553 1.91342 
Load Reduction  at 
25% Water 
Conservation 
Fecal 
Colifor
m (#) 
Total 
Suspended 
Solids (lbs.) 
Nitrogen 
(lbs.) 
Phosphorous 
(lbs.) 
Zinc 
(lbs.) 
Lead 
(lbs.) 
Copper 
(lbs.) 
Minimum Reduction 3.9613 3.05 0.80 0.14 0.0084 0.0015 0.0027 
Maximum Reduction 1.8316 1407.49 339.61 59.96 0.87 0.38 0.85 
Average Reduction 3.7915 291.60 70.88 12.51 0.23 0.08 0.18 
Total Annual 
Reduction  
9.5416 7,350.44 1,808.32 318.8 8.15 2.38 4.9 
Load Reduction  at 
50% Water 
Conservation 
Fecal 
Colifor
m (#) 
Total 
Suspended 
Solids (lbs.) 
Nitrogen 
(lbs.) 
Phosphorous 
(lbs.) 
Zinc 
(lbs.) 
Lead 
(lbs.) 
Copper 
(lbs.) 
Minimum Reduction 4.9413 3.80 1.00 0.18 0.01 0.0019 0.0034 
Maximum Reduction 3.7916 2917.26 704.27 124.35 1.84 0.79 1.76 
Average Reduction 8.5715 660.11 160.26 28.28 0.50 0.19 0.41 
Total Annual 
Reduction  
2.1817 16,817.49 4,131.57 728.47 17.83 17.83 11.11 
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Storm size was a factor in the success of the water conservation BMP as far as pollutant 
load reduction was concerned. Figures 6.8- 6.14 display baseline pollutant loads compared with 
those at 10%, 25%, and 50% water conservation. Pollutant loads are plotted against the rain total 
for each of the 42 CSO events modeled. For a full list of pollutant loads for each parameter as 
water use was reduced in 5% intervals for all 42 CSO events, see appendix vi. 
 
 
Figure 6.8- Modeled Fecal Coliform load at RH-034 as water use is reduced  by 10% 
(orange), 25% (red),  and 50% (green)  from baseline value (blue).  
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Figure 6.9- Modeled TSS load at RH-034 as water use is reduced  by 10% (orange), 25% 
(red),  and 50% (green)  from baseline value (blue). 
 
 
Figure 6.10- Modeled Nitrogen load at RH-034 as water use is reduced  by 10% (orange), 
25% (red),  and 50% (green)  from baseline value (blue).  
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Figure 6.11- Modeled Phosphorous load at RH-034 as water use is reduced  by 10% 
(orange), 25% (red),  and 50% (green)  from baseline value (blue). 
 
 
Figure 6.12 - Modeled Copper load at RH-034 as water use is reduced by 10% (orange), 
25% (red), and 50% (green) from baseline value (blue). 
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Figure 6.13- Modeled Lead load at RH-034 as water use is reduced by 10% (orange), 25% 
(red), and 50% (green) from baseline value (blue). 
 
 
Figure 6.14- Modeled Zinc load at RH-034 as water use is reduced by 10% (orange), 25% 
(red),  and 50% (green)  from baseline value (blue). 
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Smaller total reduction values were seen for rain events with smaller rain totals and 
durations. These reductions, however, represented a larger portion of the total pollutant load for 
each CSO event. This is due to the fact that, for these small events, pollutants associated with dry 
weather flow made up a greater proportion of the total flow.  For example, one of the smallest 
storms to trigger a CSO event, which occurred on 3/5/2008 (see figure 6.4), was modeled to have 
the smallest pollutant load reductions for all parameters tested (see table 6.2). However, this 
event was the one event modeled to be eliminated by the water conservation BMP; therefore, all 
load reductions modeled represent a 100% removal.  
Larger total reduction values were seen for larger storms, most likely due to the fact that, 
in general, the larger storms had longer durations and therefore had more dry weather flow 
available to be eliminated. The reductions in pollutant loads for the larger storms made up a 
smaller portion of the total CSO load, but were still notable. For example, the largest rain event 
of 2008, which occurred on 12/11/2008 (see figure 6.5) was modeled to have the maximum 
pollutant load reductions for all parameters tested (see table 6.2).  For this event, the largest 
reductions in pollutant loads were seen for Fecal Coliform and Total Suspended Solids. 
Removals for these parameters ranged from 4% each at 10% water conservation, to 44% each 
when water use was reduced to 50% of the baseline value. For this storm event, the maximum 
modeled reductions for Nitrogen, Phosphorous, Copper, Zinc, and Lead represented 38%, 39%, 
42%, 25%, and 35% of the total loads for each pollutant, respectively. It is important to note that 
these pollutant load reductions are modeled with just a 3% reduction in total CSO flow volume.  
Pollutant load reductions for most of the CSO events modeled fell in-between these two 
extremes. The moderate -sized storm event that occurred on 9/9/2008 (see figure 6.3) is an 
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example of a typical rain and CSO event for the year 2008 with pollutant load reductions close to 
the average removals displayed in table 6.2. Fecal Coliform and Total Suspended Solids both 
showed load reductions ranging from 4% each at 10% water conservation to 50% each as water 
use was dropped to 50% below the baseline value. Nitrogen, Phosphorous, Copper, Zinc, and 
Lead were reduced by a maximum of 45%, 45%, 30%, 8%, and 22% respectively at 50% water 
conservation. These removals were achieved with just a 4% reduction in total CSO flow.  
6.7. Community Survey  	  
While sewershed modeling indicated that pollution load reductions were possible when 
water was conserved during rain events, the actual willingness of the community to participate 
was measured through a quantitative community survey. A copy of the survey questionnaire can 
be found in Appendix ii.  Fifteen-hundred surveys were distributed throughout the Gowanus 
sewershed using a random-cluster sampling approach. Two-hundred seventy three responses 
were collected, for a response rate of 18.2%. These responses statistically represent the 
community within a range of 90% confidence.  Respondent profiles, for the most part, were 
comparable to the 2010 U.S. Census and American Community Survey (ACS) data for the 
region (see table 6.4).  Rates of home ownership and college attainment were higher in the 
survey respondents than in the Gowanus region.  
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Table 6.4- Comparison of survey respondents with 2010 Census and American Community 
Survey Data. 
 
Parameter U.S. Census/ ACS data for 
Surveyed Region 
Survey Respondents  
Mean Income 106,172 "Over 88K" 
% Renters 75 62 
% Home Homeowners 25 38 
% College or Higher 60 88 
Mean Age  34 "30's" 
 
Respondents were asked to rank their willingness to participate in the water conservation 
BMP on a scale of 1 (low likelihood) to 5 (high likelihood). On average, those surveyed ranked 
their overall willingness to participate as a 3.6 out of 5, which represents a fairly positive 
response.  For further detail, questions regarding the timing, duration, and activities respondents 
would be willing to alter in order to conserve water during rain events were asked. A summary of 
these results is displayed in table 6.5, below.  
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Table 6.5- Basic statistics detailing survey respondents’ willingness to participate in the 
water conservation BMP broken down by time of day, duration, and activity.  
 
Willingness to Participate in Water Conservation 
BMP: Detail questions (scaled out of 5)  
 Time of Day 
 Morning Afternoon Evening Night 
Mean 2.52 3.91 3.44 3.90 
Median 2 4 4 4 
Mode 1 5 4 5 
  Duration of Conservation  
 1-3 hrs. 4-5 hrs. 6+ hrs. 
Mean 3.70 2.69 1.98 
Median 4 3 2 
Mode 5 3 1 
 Activity  Altered 
 Showers Laundry Dishes Flushing 
Mean 2.85 4.09 3.58 2.40 
Median 3 5 4 2 
Mode 3 5 5 1 
 
Survey respondents were most likely to be able to conserve water in the afternoon and 
nighttime hours and were least likely to conserve water in the morning. Most respondents were 
willing to conserve water for up to 3 hrs. with willingness declining as duration of conservation 
increased. The activities survey respondents were most likely to alter in order to conserve water 
were doing laundry and dishes; they were less likely to delay taking showers or flushing the 
toilet. Future educational and training programs will need to address these factors further as it is 
expected that refraining from flushing toilets would lead to the greatest reduction in fecal 
coliform, suspended solids, and nutrient loads.  
It was predicted in H3 that residents with positive situational and psychological variables 
would be most likely to participate in the water conservation BMP. Situational variables that 
could be tracked geographically: income, education, and proximity to the Canal, were used to 
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build a predictive model of participation. These parameters did not turn out to be significant 
indicators of overall willingness to participate in the water conservation BMP (see table 6.6). 
Additional situational variables were tested based on survey responses. Age of respondent, time 
at current residence, home ownership status, and number of people per household were also not 
significant predictors of willingness to participate. Of the psychological variables tested, logistics 
did not represent a significant indicator, but environmental threat (CSO threat and CSO concern) 
did predict an individual’s willingness to participate in the water conservation BMP. Of all 
variables tested these were the only significant indicators established (see table 6.6).  
 
Table 6.6- Correlations between test parameters and survey respondents overall 
willingness to participate in the water conservation BMP.  
 
Parameter Pearson 
Correlation 
Spearman 
Correlation 
Parameter Pearson 
Correlation 
Spearman 
Correlation 
Cluster (High, 
Medium, Low)  
-0.04 -0.04 Residence 
Years 
0.11 0.09 
Income 0.04 0.03 Rent or 
Own 
-0.10 -0.10 
Education 0.11 0.11 Age 0.02 0.04 
Proximity -0.04 -0.04 People per 
Household 
0.05 0.04 
CSO Concern .272** .255** Logistics 0.060 0.084 
CSO Threat  .225** .230** Sewershed 
Aware 
0.08 0.07 
*significant at 0.05 level; **significant at 0.01 level 
 
Further analyses showed that the only positive indicator of environmental threat was an 
individual’s awareness that they lived within the Gowanus Canal sewershed (sewershed 
awareness; p= 0.220; 0.264 respectively). Background questions revealed that 65% of 
respondents felt concerned about or threatened by CSOs.  While sewershed awareness was the 
72	  	  
only variable that was significantly correlated with environmental threat, only 34% of survey 
respondents were aware prior to the survey that they lived in the Gowanus Canal sewershed.  
This suggests that educational efforts aimed at increasing sewershed awareness within the 
Gowanus area may help to raise concern about CSO pollution and subsequently make residents 
more likely to take action to reduce overflows to the canal, such as participating in the water 
conservation BMP.  
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Chapter 7: Conclusions 
 
NYC is not alone in its struggle to control CSO flows. Other cities including Chicago, 
Portland, Philadelphia, Washington D.C. and Atlanta are also working to eliminate such 
discharges (USEPA, 2004).  Urban regions like these are often space-limited and therefore 
cannot rely heavily on traditional engineering controls such as retention/detention basins to lower 
the stormwater portion of CSO flow and thereby increase the capacity of their systems. At the 
same time, upgrades to existing wastewater treatment facilities are difficult to place and to fund 
(Tibbetts, 2005; Montalto et.al., 2012).  For these reasons, many regions have turned to green 
infrastructure-based controls, as suggested in the most recent USEPA guidance document for 
CSO control (USEPA, 2014).  BMPs common in urban regions such as porous pavement, green 
roofs,  and bioretention have been successful at reducing flow volume (Dietz, 2007; Berdtsson, 
2010; Dreelan et.al., 2006; Legret and Colandini, 1999; Hatt, Fletcher, and Deliltic, 2008), TSS 
(Legret and Colandini, 1999;  Bratieres, 2008) and  heavy metal loads (Stuselhoff, 1998; Legret 
and Colandini, 1999; Davis et. al, 2003); but have had mixed success with treating bacteria 
(Clary et.al, 2008; Dietz, 2007) and nutrients (Berndtsson, 2010; Boving, Stolt, Augenstern, and 
Bronson, 2008, Davis, 2001; Bratieres, 2008; Hatt, Fletcher, and Delitic, 2008).  
 The pollutant load reductions modeled in this pilot study, specifically those for bacteria and 
nutrients, suggest that, for the Gowanus Canal region, the water conservation BMP has the 
potential to serve as a complement to proposed green infrastructure measures. This is because, 
unlike GI controls, water conservation would specifically target the sewage portion of the flow, 
thereby working to lower bacteria and nutrient counts; pollutants that green infrastructure has 
been shown to have mixed results controlling (Clary et.al, 2008; Dietz, 2007; Berndtsson, 2010; 
Boving, et al., 2008, Davis, 2001; Bratieres, 2008; Hatt, Fletcher, and Delitic, 2008) . 
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 Based on the model, the water conservation BMP would work best to reduce pollutant 
loads by changing the composition of the combined sewage overflow as predicted in H1 rather 
than reducing total flow as predicted in H2. Overall, modeled pollutant load reductions were 
quite large given the relatively small associated reductions in flow. This is most likely due to the 
fact that, while dry weather flow makes up only a small portion of the total CSO flow volume, it 
contains a much higher concentration of pollutants, specifically nutrients and bacteria. As 
monitoring data becomes available, this model will be able to be further validated and 
projections will be improved.   
It is important to note that in order for the water conservation BMP to be successful, 
significant public participation would be required. Analysis of the community survey suggests 
that there is a definite interest in the water conservation BMP within the Gowanus Canal 
sewershed, with 83% of the respondents indicating at least some willingness to participate 
(responded 3 or higher out of 5). This willingness was not statistically linked to the situational 
variables of income, education, and proximity predicted in H3, but was linked to the 
psychological variable of a resident’s feelings of concern or threat regarding the canal. This 
environmental concern was most closely linked to a resident’s awareness that they lived within 
the Gowanus Canal sewershed.  Based on this result, it is expected that interest in participation 
could be expanded via educational and training efforts aimed at raising sewershed awareness.  
Training designed to increase knowledge of how different household activities affect water 
quality during CSO events would also be beneficial once a base of participants has been 
established.  
Success of the water conservation BMP would also require a warning system to inform 
residents when a CSO event is likely occurring and water conservation is encouraged. The City 
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of New York has CSO warning systems via website and social media listed as a priority in their 
LTCP (NYC, 2012c). These warnings could foreseeably be altered to include an encouragement 
for increased water conservation during the time of CSO discharge. Public warnings of CSO 
discharges are already a requirement for all regions across the Country with CSO systems 
(USEPA, 1995). Many other cities working to control CSO discharges such as Seattle, Atlanta, 
and Washington D.C. already have warning systems in place. These warnings contain notes that 
residents should refrain from fishing, swimming, wading, or otherwise making contact with the 
affected waters during the span of the CSO event and some time after (State of Oregon, 2011; 
District of Columbia, 2002; City of Atlanta, 1999).  If proper education and community buy in to 
water conservation programs in these regions were established, warning messages in other CSO 
communities could also be adjusted to include an encouragement for increased water 
conservation during overflow events. 
With over 700 communities still struggling to control CSO discharges (USEPA, 2014), it 
is clear that a variety of BMPs will be necessary in order to achieve success. The USEPA’s 
recent call for the integration of Green Infrastructure into CSO control plans is a step in the right 
direction; however, Green Infrastructure alone cannot solve the problem (USEPA, 2014). All 
communities working to control CSO discharges are required to develop community 
participation plans and CSO warning systems (USEPA, 1995). It would behoove these 
communities to utilize the full potential of this requirement. It is increasingly important that non-
structural BMP’s such these public participation plans be shown to have a quantitative impact on 
local water quality (Taylor and Wong, 2002). Though this analysis is still in the beginning 
stages, the water conservation BMP is an example of a publicly-based, non-structural BMP that 
has the potential to have such an impact. 
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Appendix i – GIS-Based Predictive Model  
 
Methodology for Predictive Model for Participation in Environmental Initiatives within the 
Gowanus Sewershed.  
 
Predicted participation is based on a number of variables. In this model, three situational 
variables were considered:  proximity to canal, level of education, and income. Each census tract 
within the sewershed was given a score for each variable, then all of the scores are added 
together to create the “participation score”. The participation score will be used to help guide a 
community survey. Data from that survey will, in turn, be used to further validate the model.  
Comparison numbers (from NYC as a whole) are from the American Community Survey, 2010: 
http://quickfacts.census.gov/qfd/states/36/3651000lk.html 
 
VARIABLES:  
(1) Proximity to Canal:  
Proximity to the Canal was measured using the “near” tool in ArcGIS. The distances 
reported are the nearest straight-line distance to any point of the canal from the centroid 
of each census tract. Tracts less than 500ft from the Canal were considered close; those 
between 501 and 1000 feet were considered mid-range, and those over 1000 ft were 
considered “far”.  Those close were considered to have a high likelihood of participation, 
those mid-range were considered to have medium likelihood, and those farther way were 
considered to have a low likelihood of participation in the water conservation BMP.  
 
• Close  (high) 
o Score = 2 
• Mid-Range (medium) 
o Score = 1 
• Far (low0  
o Score = 0 
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(2) Education  
 
According to the 2010 ACS data, 33.3% of New York City residents 25 or older have 
attained a bachelor’s degree or higher. The mean attainment for the Gowanus sewershed is 
much higher (59.3%). For this analysis “average range” will be considered 23-43% 
attainment (i.e. within 10% of the NYC value), below 23% will be considered below average, 
and above 43 will be considered above average. Those above average range were considered 
to have a high likelihood of participation, those in the average range were considered to have 
medium likelihood, and those below the average range way were considered to have a low 
likelihood of participation in the water conservation BMP. 
 
• Above average attainment (high) 
o Score= 2 
• Average attainment (medium)  
o Score = 1 
• Below average attainment (low)  
o Score = 0 
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(3) Income 
According to 2010 ACS data, the mean income for NYC is $77,897/year. The mean for the 
Gowanus Sewershed is higher ($106,172). For this model, the mean income for each census 
tract will be compared to the NYC mean. Those within 10K will be considered “average 
income”; those below that range will be considered “low income”; those above will be 
considered “high income”. Those above average range were considered to have a high 
likelihood of participation, those in the average range were considered to have medium 
likelihood, and those below the average range way were considered to have a low likelihood 
of participation in the water conservation BMP. 
 
• Above average Income for NYC (high) 
o Score= 2 
• Average Income for NYC  (medium) 
o Score = 1 
• Below average Income for NYC (low)  
o Score = 0 
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(4) MODEL EXPRESSION:  
[participation_score] = [proximity_score]+[education_score]+[income_score] 
OUTPUT:  
Range = 0-6 
0-2= “low” 
3-4= “medium” 
5-6= “high” 
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Appendix ii- Sample Survey  
 Hi,	  	  My	  Name	  is	  Suzie	  Stempel.	  I	  am	  conducting	  this	  community	  survey	  as	  a	  part	  of	  my	  graduate	  research	  project	  with	  The	  Graduate	  Center	  and	  Brooklyn	  College	  at	  the	  City	  University	  of	  New	  York.	  You	  have	  received	  this	  survey	  because	  you	  live	  in	  the	  drainage	  area	  of	  the	  Gowanus	  Canal.	  This	  region	  is	  serviced	  with	  a	  combined	  sewage	  system,	  which	  means	  that	  when	  local	  sewage	  treatment	  plants	  are	  overwhelmed,	  as	  frequently	  occurs	  during	  rainstorms,	  both	  raw	  sewage	  and	  runoff	  rainwater	  from	  the	  region	  are	  discharged	  to	  the	  Gowanus	  Canal.	  	  The	  goal	  of	  this	  survey	  is	  to	  learn	  about	  the	  community	  opinion	  on	  this	  issue.	  	  
Thank	  you	  in	  advance	  for	  your	  participation	  in	  this	  project,	  	   	   	   	  
	   	  
Please	  mark	  your	  responses	  by	  filling	  in	  the	  circles:	  	  
	  
• Do	  you	  or	  your	  family	  take	  part	  in	  any	  of	  the	  following	  water-­‐related	  activities	  
on	  or	  near	  the	  Gowanus	  Canal?	  (fill	  all	  that	  apply)	  	  	  	  	  	  	   ⃝	  Walking	  	  	  	  	  	  	  	  ⃝	  Fishing	  	  	  	  	  	  	  	  ⃝	  Boating	  	  	  	  	  	  	  	  	  	   ⃝	  Canoe/Kayaking	  	  	  	  Swimming	  	  	  	  	  	  	   ⃝	  Other__________________________________________	  (please	  describe)	  	  	  
• Do	  you	  ever	  see	  or	  smell	  the	  Gowanus	  Canal	  when	  you	  are	  in	  your	  home	  or	  
walking	  around	  your	  neighborhood?	  	  	  	  	  	  	   ⃝	  I	  can	  see	  the	  Canal	  	  	  	  	  	  	  ⃝	  I	  can	  smell	  the	  canal	  	  	  	  	  	  	  	  ⃝	  Both	  	  	  	  	  	  	  	   ⃝	  Neither	  	  
• Do	  you	  feel	  that	  sewage	  overflows	  to	  the	  Gowanus	  Canal	  are	  an	  issue	  of	  
concern	  to	  you	  or	  your	  family?	  	  	  	  	  	  	   ⃝	  	  	  Yes	  	  	  	  	  	  	  ⃝	  No	  	  	  
• Do	  you	  feel	  that	  sewage	  overflows	  to	  the	  Gowanus	  Canal	  represent	  a	  threat	  to	  
you	  or	  your	  family?	  	  	  	  	  	   ⃝	  	  	  	  Yes	  	  	  	  	  	  	  ⃝	  No	  	  
• Prior	  to	  this	  survey,	  were	  you	  aware	  that	  your	  residence	  was	  located	  within	  the	  
drainage	  basin	  of	  the	  Gowanus	  Canal?	  	  	  	  	  	  	  	   ⃝	  Yes	  	  	  	  	  	  	  ⃝	  No	  	  	  
• What	  neighborhood	  do	  you	  live	  in?	  	  	  	  	  	  	  	   ⃝	  Carol	  Gardens	  	  	  	  	  	  	  	  ⃝	  Park	  Slope	  	  	  	  	  	  ⃝	  Boerum	  Hill	  	  	  	  	  	  	  ⃝	  Prospect	  Heights	  	  	  	  	  	   ⃝	  Red	  Hook	  	  	  	  	  	  	   ⃝	  Greenwood	  	  	  	  	  	  	   ⃝	  Downtown	  	  	  	  	  	  	  ⃝	  Other	  _____________(please	  describe)	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• How	  many	  years	  have	  you	  lived	  at	  your	  current	  location?	  	  	  	  	  	  	   ⃝	  1	  	  	  	  	  	  ⃝	  2	  	  	  	  	  	  ⃝	  3	  	  	  	  	  ⃝	  4	  	  	  	  	  ⃝	  5	  	  	  	  	  ⃝	  6	  	  	  	  	  ⃝	  7	  	  	  	  	  ⃝	  8	  	  	  	  	  ⃝	  9	  	  	  	  	  ⃝	  10	  or	  more	  	  	  	  
• Do	  you	  rent	  or	  own	  your	  current	  residence?	  	  	  	  	  	  	   ⃝	  Rent	  	  	  	  	  	  ⃝	  Own	  	  	  
• How	  many	  people	  currently	  live	  in	  your	  household?	  	  	  	  	  	   ⃝	  1	  	  	  	  	  ⃝	  2	  	  	  	  	  ⃝	  3	  	  	  	  	  ⃝	  4	  	  	  	  	  ⃝	  5	  or	  more	  	  	  	  	  
• What	  is	  your	  Age?	  	  	  	  	  	   ⃝	  Below	  20	  	  	  	  	  	  ⃝	  20’s	  	  	  	  	  	  ⃝	  30s	  	  	  	  	  	  ⃝	  40’s	  	  	  	  	  ⃝	  50	  or	  over	  	  	  	  	  
• What	  is	  the	  total	  income	  level	  of	  your	  household?	  	  	  	  	  	   ⃝	  Below	  $68,000	  per	  year	  	  	  ⃝	  Between	  $68,000	  and	  $88,000	  per	  year	  	  	  	  	  	  ⃝	  Over	  $88,000	  per	  year	  	  	  	  	  
• What	  is	  your	  highest	  level	  of	  education?	  	  	  	  	  	   ⃝	  Some	  High	  School	  	  	  	  	  	  ⃝	  High	  School	  Graduate	  	  	  	  	  	  	  	  	  	  	  ⃝	  Some	  College	  	  	  	  	  	  ⃝	  College	  Graduate	  	  	  	  	  	  ⃝	  Post-­‐Graduate	  Degree	  	  	  	  	  	  	  	  
	  	  	  	  	  	  
Research	  shows	  that	  reducing	  the	  use	  of	  water	  around	  the	  house	  while	  
it	  is	  raining	  could	  help	  reduce	  the	  amount	  of	  sewage	  draining	  to	  the	  
Gowanus	  Canal.	  You	  or	  your	  family	  could	  take	  	  	  	  	  part	  by	  delaying	  the	  
use	  of	  water	  for	  activities	  such	  as	  doing	  dishes,	  washing	  laundry,	  
showering/bathing,	  or	  flushing	  toilets	  while	  it	  is	  raining.	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Please answer the following questions using 
a scale of 1-5;  with 1 being “Very Unlikely” 
and 5 being “Very Likely” 
Unlikely                        Likely 
How likely would you or your family be to delay 
water use in the morning during a rain event? 
	  	  	  	   ⃝	  	  1	  	  	  	  	  	  	  ⃝	  2	  	  	  	  	  	  	  	  ⃝	  3	  	  	  	  	  	  	  	  ⃝	  4	  	  	  	  	  	  	  	  ⃝	  5	  	   
How likely would you or your family be to delay 
water use in the afternoon during a rain event?      
⃝	  	  	  	  1	  	  	  	  	  	  	  	  	  ⃝	  2	  	  	  	  	  	  ⃝	  3	  	  	  	  	  	  	  ⃝	  4	  	  	  	  	  	  	  ⃝	  5	  	   
How likely would you or your family be to delay 
the use of in the evening during rain events? 
⃝	  	  1	  	  	  	  	  	  	  ⃝	  2	  	  	  	  	  	  	  ⃝	  3	  	  	  	  	  	  	  	  ⃝	  4	  	  	  	  	  	  	  ⃝	  5	  	   
How likely would you or your family be to delay 
water use at night during a rain event? 
⃝	  1	  	  	  	  	  	  	  ⃝	  2	  	  	  	  	  	  	  ⃝	  3	  	  	  	  	  	  	  	  ⃝	  4	  	  	  	  	  	  	  ⃝	  5	  	   
How likely would you or your family be to delay 
water use for taking showers or baths during a rain 
event? 
⃝	  1	  	  	  	  	  	  	  ⃝	  2	  	  	  	  	  	  	  ⃝	  3	  	  	  	  	  	  	  	  ⃝	  4	  	  	  	  	  	  	  ⃝	  5	  	   
How likely would you or your family to delay water 
use for doing laundry during a rain event? 
⃝	  1	  	  	  	  	  	  	   ⃝	  2	  	  	  	  	  	  	  ⃝	  3	  	  	  	  	  	  	  ⃝	  4	  	  	  	  	  	  	  	  ⃝	  5	  	   
How likely would you or your family be to delay 
using water to wash dishes during a rain event? 
⃝	  1	  	  	  	  	  	  ⃝	  2	  	  	  	  	  	  	  ⃝	  3	  	  	  	  	  	  	  ⃝	  4	  	  	  	  	  	  	  ⃝	  5	  	   
How likely would you or your family be to delay 
using water to flush toilets during a rain event? 
⃝	  1	  	  	  	  	  	  ⃝	  2	  	  	  	  	  	  	  ⃝	  3	  	  	  	  	  	  	  ⃝	  4	  	  	  	  	  	  	  ⃝	  5	  	   
How likely would you or your family be to delay 
water use for 1-2 hours during a rain event?   
⃝	  1	  	  	  	  	  	  ⃝	  2	  	  	  	  	  	  ⃝	  3	  	  	  	  	  	  	  ⃝	  4	  	  	  	  	  	  	  ⃝	  5	  	   
How likely would you or your family be to delay 
water use for 4-5 hours during a rain event?   
⃝	  1	  	  	  	  	  	  ⃝	  2	  	  	  	  	  	  	  ⃝	  3	  	  	  	  	  	  	  ⃝	  4	  	  	  	  	  	  	  	  ⃝	  5	  	  	  
How likely would you or your family be to delay 
water use for 6 or more hours during a rain event?   
⃝	  1	  	  	  	  	  	  ⃝	  2	  	  	  	  	  	  	  ⃝	  3	  	  	  	  	  	  	  ⃝	  4	  	  	  	  	  	  	  ⃝	  5	  	  	  
Overall, How likely would you or your family be to 
participate in a voluntary effort to use less water 
during rain events? 
⃝	  1	  	  	  	  	  	  	  ⃝	  2	  	  	  	  	  	  	  ⃝	  3	  	  	  	  	  	  	  ⃝	  4	  	  	  	  	  	  	  ⃝	  5	  	  	  	  
 
Thank You for Your Participation! 
Please place your completed survey in the pre- stamped and addressed envelope to send in your 
response 	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Appendix iii –Event Characteristics for the 42 modeled CSO Events 	  	  	  
Event	  Date	   Rain	  
Total	  	  
Rain	  
Intensity	  	  
Peak	  
Intensity	  	  
Baseline	  
Event	  
Duration	  
Baseline	  
CSO	  Flow	  
1/11/2008	   0.59	   0.0393333	   0.31	   2.3	   1158119.16	  
1/13/2008	   0.72	   0.1028571	   0.21	   4.6	   1948518	  
1/18/2008	   0.79	   0.0564286	   0.15	   4.3	   1172108.52	  
2/1/2008	   1.51	   0.1258333	   0.35	   11.3	   6639949.8	  
2/12/2008	   1.76	   0.0606897	   0.21	   20.1	   3676203.96	  
2/22/2008	   0.65	   0.0309524	   0.11	   1.7	   44965.8	  
3/5/2008	   0.28	   0.0466667	   0.13	   0.8	   6994.68	  
3/7/2008	   2.13	   0.0760714	   0.56	   21.8	   12136769	  
3/19/2008	   0.9	   0.036	   0.08	   4.1	   218833.56	  
4/4/2008	   0.66	   0.06	   0.23	   3.4	   1307005.92	  
4/12/2008	   0.64	   0.0426667	   0.53	   2.7	   2672967	  
4/28/2008	   1.16	   0.0331429	   0.12	   13.5	   1217074.32	  
5/2/2008	   0.25	   0.0357143	   0.15	   0.7	   21983.28	  
5/9/2008	   0.95	   0.0452381	   0.11	   3.8	   817378.32	  
5/16/2008	   0.86	   0.0452632	   0.16	   12.9	   231823.68	  
5/20/2008	   0.45	   0.05	   0.13	   2.7	   890322.84	  
6/4/2008	   0.78	   0.0288889	   0.17	   3.8	   1252047.72	  
6/8/2008	   0.38	   0.076	   0.37	   1.9	   952275.72	  
6/14/2008	   1.66	   0.332	   1.36	   4.7	   15923888.6	  
6/30/2008	   0.22	   0.0183333	   0.2	   0.6	   14988.6	  
7/22/2008	   1.2	   0.0521739	   0.65	   13.3	   6208278.12	  
7/24/2008	   1.15	   0.0958333	   0.42	   6.5	   5960466.6	  
7/27/2008	   0.63	   0.0484615	   0.29	   3.3	   1461888.12	  
8/11/2008	   0.26	   0.13	   0.22	   1.5	   164874.6	  
8/14/2008	   0.96	   0.12	   0.64	   3.7	   5981450.64	  
8/15/2008	   1.02	   0.255	   0.78	   4.4	   7581233.88	  
8/30/2008	   0.56	   0.112	   0.46	   2.4	   2123385	  
9/6/2008	   2.89	   0.1256522	   0.76	   23.2	   24084681.7	  
9/9/2008	   0.77	   0.0641667	   0.55	   3.3	   4092887.04	  
9/12/2008	   0.63	   0.09	   0.19	   4.3	   1523841	  
9/26/2008	   2.21	   0.1473333	   0.47	   9.8	   17373785.9	  
10/1/2008	   0.27	   0.03375	   0.25	   1.4	   631519.68	  
10/1/2008	   0.44	   0.088	   0.26	   3.1	   326751.48	  
10/25/2008	   0.61	   0.07625	   0.14	   3.4	   1800630.48	  
10/28/2008	   1.91	   0.1061111	   0.58	   10.7	   12087806.3	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Event	  Date	   Rain	  
Total	  	  
Rain	  
Intensity	  	  
Peak	  
Intensity	  	  
Baseline	  
Event	  
Duration	  
Baseline	  
CSO	  Flow	  
11/8/2008	   0.6	   0.12	   0.38	   3.8	   1910546.88	  
11/15/2008	   0.81	   0.0289286	   0.08	   1.7	   396698.28	  
11/25/2008	   0.68	   0.0485714	   0.09	   1.3	   41968.08	  
11/30/2008	   0.78	   0.0371429	   0.08	   1.9	   225828.24	  
12/11/2008	   3.42	   0.0610714	   0.42	   14.6	   25429658.8	  
12/19/2008	   0.63	   0.045	   0.17	   3.9	   763419.36	  
12/21/2008	   0.62	   0.0688889	   0.24	   3.4	   1969502.04	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Appendix iv- Event Duration for the 42 Modeled CSO Events as Water Use was Reduced 
from Baseline to 50% below Baseline in 5% Intervals.  	  	  	  
	               Duration of Overflow event (hours)  
Event	  Date	   Baseline	   5%	   10%	   15%	   20%	   25%	   30%	   35%	   40%	   45%	   50%	  
1/11/2008	   2.3	   2.3	   2.2	   2.2	   2.2	   2.2	   2.2	   2.2	   2.1	   2.1	   2.1	  
1/13/2008	   4.6	   4.6	   4.5	   4.5	   4.5	   4.4	   4.4	   4.3	   4.3	   4.2	   4.2	  
1/18/2008	   4.3	   4.3	   4.3	   4.3	   4.3	   4.3	   4.3	   4.2	   4.2	   4.2	   4.2	  
2/1/2008	   11.3	   11.3	   11.2	   11.2	   11.2	   11.2	   11.1	   11.1	   11.1	   11	   11	  
2/12/2008	   20.1	   20.1	   20.1	   20	   20	   19.9	   19.9	   19.8	   19.8	   19.8	   19.8	  
2/22/2008	   1.7	   1.7	   1.6	   1.6	   1.6	   1.6	   1.5	   1.5	   1.4	   1.3	   1.3	  
3/5/2008	   0.8	   0.8	   0.8	   0.7	   0.7	   0.7	   0.5	   0.5	   0.4	   0.3	   0	  
3/7/2008	   21.8	   21.8	   21.7	   21.5	   21.3	   21	   18.8	   18.8	   18.8	   18.7	   18.6	  
3/19/2008	   4.1	   4.1	   4	   3.9	   3.8	   3.7	   3.5	   3.3	   3.2	   3	   2.8	  
4/4/2008	   3.4	   3.4	   3.3	   3.3	   3.3	   3.3	   3.3	   3.2	   3.1	   3.1	   3.1	  
4/12/2008	   2.7	   2.7	   2.6	   2.6	   2.6	   2.6	   2.6	   2.6	   2.6	   2.6	   2.6	  
4/28/2008	   13.5	   13.5	   13.4	   13.4	   13.3	   13.3	   13.3	   13.3	   13.3	   13.2	   13.2	  
5/2/2008	   0.7	   0.7	   0.7	   0.7	   0.7	   0.7	   0.7	   0.7	   0.6	   0.6	   0.6	  
5/9/2008	   3.8	   3.8	   3.8	   3.8	   3.7	   3.7	   3.7	   3.7	   3.5	   3.5	   3.5	  
5/16/2008	   12.9	   12.9	   12.9	   12.9	   12.9	   12.8	   12.8	   12.8	   12.8	   12.8	   12.8	  
5/20/2008	   2.7	   2.7	   2.6	   2.6	   2.5	   2.5	   2.5	   2.5	   2.4	   2.4	   2.4	  
6/4/2008	   3.8	   3.8	   3.8	   3.8	   3.8	   3.8	   3.8	   3.8	   3.8	   3.7	   3.7	  
6/8/2008	   1.9	   1.9	   1.9	   1.9	   1.9	   1.9	   1.9	   1.8	   1.8	   1.8	   1.8	  
6/14/2008	   4.7	   4.7	   4.6	   4.6	   4.6	   4.6	   4.6	   4.6	   4.5	   4.5	   4.5	  
6/30/2008	   0.6	   0.6	   0.6	   0.6	   0.6	   0.6	   0.6	   0.6	   0.6	   0.5	   0.5	  
7/22/2008	   13.3	   13.3	   13.2	   13.2	   13.2	   13.2	   13.2	   13.2	   13.2	   13.1	   13	  
7/24/2008	   6.5	   6.5	   6.5	   6.5	   6.4	   6.4	   6.4	   6.4	   6.4	   6.4	   6.3	  
7/27/2008	   3.3	   3.3	   3.3	   3.3	   3.3	   3.2	   3.2	   3.2	   3.2	   3.2	   3.2	  
8/11/2008	   1.5	   1.5	   1.5	   1.5	   1.4	   1.4	   1.4	   1.3	   1.3	   1.3	   1.2	  
8/14/2008	   3.7	   3.7	   3.7	   3.7	   3.7	   3.7	   3.7	   3.7	   3.6	   3.6	   3.6	  
8/15/2008	   4.4	   4.4	   4.4	   4.4	   4.3	   4.3	   4.3	   4.3	   4.3	   4.3	   4.3	  
8/30/2008	   2.4	   2.4	   2.4	   2.4	   2.4	   2.4	   2.4	   2.4	   2.4	   2.3	   2.3	  
9/6/2008	   23.2	   23.2	   23.2	   23.1	   23.1	   23.1	   23.1	   23.1	   23.1	   23	   23	  
9/9/2008	   3.3	   3.3	   3.3	   3.3	   3.2	   3.2	   3.1	   3.1	   3.1	   3.1	   3	  
9/12/2008	   4.3	   4.3	   4.2	   4.1	   4.1	   4.1	   4.1	   4	   4	   3.9	   3.9	  
9/26/2008	   9.8	   9.8	   9.8	   9.7	   9.7	   9.7	   9.7	   9.6	   9.5	   9.5	   9.5	  
10/1/2008	   1.4	   1.4	   1.4	   1.4	   1.4	   1.4	   1.3	   1.3	   1.3	   1.3	   1.3	  
10/1/2008	   3.1	   3.1	   3.1	   3.1	   3.1	   3.1	   3	   3	   3	   2.9	   2.9	  
10/25/2008	   3.4	   3.4	   3.4	   3.4	   3.4	   3.4	   3.3	   3.3	   3.3	   3.2	   3.2	  
10/28/2008	   10.7	   10.7	   10.7	   10.7	   10.7	   10.7	   10.6	   10.6	   10.6	   10.5	   10.5	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Event	  Date	   Baseline	   5%	   10%	   15%	   20%	   25%	   30%	   35%	   40%	   45%	   50%	  
11/8/2008	   3.8	   3.8	   3.8	   3.8	   3.7	   3.7	   3.6	   3.6	   3.6	   3.6	   3.6	  
11/15/2008	   1.7	   1.7	   1.7	   1.7	   1.7	   1.6	   1.5	   1.5	   1.5	   1.5	   1.5	  
11/25/2008	   1.3	   1.3	   1.3	   1.3	   1.1	   1.1	   1.1	   1	   1	   0.9	   0.9	  
11/30/2008	   1.9	   1.9	   1.9	   1.9	   1.9	   1.9	   1.8	   1.8	   1.8	   1.8	   1.7	  
12/11/2008	   14.6	   14.6	   14.6	   14.6	   14.6	   14.6	   14.5	   14.4	   14.4	   14.4	   14.4	  
12/19/2008	   3.9	   3.9	   3.8	   3.8	   3.6	   3.6	   3.4	   3.3	   3.2	   3.1	   3	  
12/21/2008	   3.4	   3.4	   3.3	   3.3	   3.3	   3.3	   3.3	   3.3	   3.3	   3.3	   3.2	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Appendix v – List of Flow Volume for the 42 Modeled CSO Events as Water Use was 
Reduced from Baseline to 50% below Baseline in 5% Intervals.  	  
Baseline- 25% Water Conservation 
 
 
Event	  Date	   Baseline	  	   5%	   10%	   15%	   20%	   25%	  
1/11/2008	   1,158,119	   1,158,119	   1,146,128	   1,133,138	   1,120,148	   1,108,157	  
1/13/2008	   1,948,518	   1,948,518	   1,924,536	   1,900,554	   1,877,572	   1,853,590	  
1/18/2008	   1,172,109	   1,172,109	   1,152,124	   1,133,138	   1,113,153	   1,094,168	  
2/1/2008	   6,639,950	   6,639,950	   6,572,001	   6,505,052	   6,440,102	   6,374,152	  
2/12/2008	   3,676,204	   3,676,204	   3,588,271	   3,501,337	   3,418,400	   3,336,462	  
2/22/2008	   44,966	   44,966	   39,970	   34,973	   30,976	   26,979	  
3/5/2008	   6,995	   6,995	   4,996	   3,997	   2,998	   1,998	  
3/7/2008	   12,136,769	   12,136,769	   12,076,815	   12,014,862	   11,957,905	   11,900,948	  
3/19/2008	   218,834	   218,834	   195,851	   173,868	   152,884	   133,898	  
4/4/2008	   1,307,006	   1,307,006	   1,291,018	   1,275,030	   1,260,042	   1,244,054	  
4/12/2008	   2,672,967	   2,672,967	   2,659,977	   2,645,988	   2,632,997	   2,619,008	  
4/28/2008	   1,217,074	   1,217,074	   1,180,102	   1,145,129	   1,109,156	   1,075,182	  
5/2/2008	   21,983	   21,983	   19,985	   17,986	   15,988	   13,989	  
5/9/2008	   817,378	   817,378	   791,398	   765,418	   740,437	   715,456	  
5/16/2008	   231,824	   231,824	   213,837	   195,851	   178,864	   163,875	  
5/20/2008	   890,323	   890,323	   875,334	   859,346	   844,358	   828,370	  
6/4/2008	   1,252,048	   1,252,048	   1,236,060	   1,220,072	   1,204,084	   1,188,096	  
6/8/2008	   952,276	   952,276	   940,285	   929,293	   918,302	   908,309	  
6/14/2008	   15,923,889	   15,923,889	   15,893,911	   15,864,933	   15,833,957	   15,801,981	  
6/30/2008	   14,989	   14,989	   13,989	   12,990	   10,992	   9,992	  
7/22/2008	   6,208,278	   6,208,278	   6,171,306	   6,136,333	   6,101,359	   6,067,385	  
7/24/2008	   5,960,467	   5,960,467	   5,929,490	   5,898,514	   5,869,536	   5,835,562	  
7/27/2008	   1,461,888	   1,461,888	   1,440,904	   1,419,920	   1,398,936	   1,378,951	  
8/11/2008	   164,875	   164,875	   155,881	   147,888	   138,894	   130,900	  
8/14/2008	   5,981,451	   5,981,451	   5,956,470	   5,933,487	   5,909,505	   5,885,524	  
8/15/2008	   7,581,234	   7,581,234	   7,552,256	   7,522,279	   7,492,302	   7,463,324	  
8/30/2008	   2,123,385	   2,123,385	   2,111,394	   2,100,402	   2,092,409	   2,081,417	  
9/6/2008	   24,084,682	   24,084,682	   24,010,738	   23,935,795	   23,859,853	   23,787,907	  
9/9/2008	   4,092,887	   4,092,887	   4,070,904	   4,048,920	   4,026,937	   4,004,954	  
9/12/2008	   1,523,841	   1,523,841	   1,496,862	   1,470,881	   1,444,901	   1,418,921	  
9/26/2008	   17,373,786	   17,373,786	   17,321,825	   17,269,865	   17,217,904	   17,166,943	  
10/1/2008	   631,520	   631,520	   622,527	   613,533	   604,540	   596,546	  
10/1/2008	   326,751	   326,751	   318,758	   310,764	   303,769	   295,775	  
10/25/2008	   1,800,630	   1,800,630	   1,779,646	   1,759,662	   1,739,677	   1,719,692	  
10/28/2008	   12,087,806	   12,087,806	   12,034,847	   11,980,888	   11,926,929	   11,872,970	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Event	  Date	   Baseline	  	   5%	   10%	   15%	   20%	   25%	  
11/8/2008	   1,910,547	   1,910,547	   1,892,561	   1,874,574	   1,857,587	   1,840,600	  
11/15/2008	   396,698	   396,698	   386,706	   376,713	   366,721	   357,728	  
11/25/2008	   41,968	   41,968	   37,971	   34,973	   30,976	   27,979	  
11/30/2008	   225,828	   225,828	   214,837	   204,844	   194,852	   184,859	  
12/11/2008	   25,429,659	   25,429,659	   25,343,724	   25,256,790	   25,169,856	   25,084,921	  
12/19/2008	   763,419	   763,419	   740,437	   717,454	   696,470	   675,486	  
12/21/2008	   1,969,502	   1,969,502	   1,945,520	   1,921,539	   1,898,556	   1,874,574	  
	  
	  
Flow	  Volume	  Cont-­‐	  30-­‐50%	  Water	  Conservation	  
	  
Event	  Date	   30%	   35%	   40%	   45%	   50%	  
1/11/2008	   1,095,167	   1,083,176	   1,071,185	   1,059,194	   1,047,204	  
1/13/2008	   1,830,608	   1,808,624	   1,785,642	   1,763,659	   1,741,675	  
1/18/2008	   1,075,182	   1,056,197	   1,037,211	   1,018,226	   1,000,239	  
2/1/2008	   6,310,201	   6,245,250	   6,182,298	   6,118,347	   6,054,395	  
2/12/2008	   3,256,523	   3,178,582	   3,101,641	   3,026,698	   2,952,754	  
2/22/2008	   22,983	   18,986	   14,989	   11,991	   8,993	  
3/5/2008	   999	   999	   0	   0	   0	  
3/7/2008	   11,842,992	   11,786,036	   11,732,077	   11,677,119	   11,621,161	  
3/19/2008	   115,912	   98,925	   83,936	   69,947	   60,954	  
4/4/2008	   1,229,065	   1,214,077	   1,199,088	   1,185,099	   1,170,110	  
4/12/2008	   2,606,018	   2,592,029	   2,579,038	   2,565,049	   2,552,059	  
4/28/2008	   1,040,209	   1,006,235	   972,261	   939,286	   906,311	  
5/2/2008	   12,990	   10,992	   9,992	   7,994	   6,995	  
5/9/2008	   690,475	   666,493	   642,511	   618,530	   595,547	  
5/16/2008	   148,887	   133,898	   120,908	   107,918	   95,927	  
5/20/2008	   813,381	   798,393	   783,404	   768,416	   753,427	  
6/4/2008	   1,172,109	   1,157,120	   1,142,131	   1,126,143	   1,111,155	  
6/8/2008	   898,317	   888,324	   878,332	   868,340	   858,347	  
6/14/2008	   15,770,006	   15,741,028	   15,709,052	   15,676,077	   15,646,100	  
6/30/2008	   8,993	   7,994	   6,995	   4,996	   3,997	  
7/22/2008	   6,030,413	   5,997,438	   5,963,464	   5,931,489	   5,898,514	  
7/24/2008	   5,804,585	   5,773,609	   5,742,632	   5,712,655	   5,681,679	  
7/27/2008	   1,357,967	   1,336,983	   1,316,998	   1,296,014	   1,276,029	  
8/11/2008	   123,906	   115,912	   108,917	   102,922	   96,926	  
8/14/2008	   5,862,541	   5,838,559	   5,814,578	   5,792,594	   5,769,612	  
8/15/2008	   7,434,346	   7,405,368	   7,377,389	   7,349,410	   7,321,431	  
8/30/2008	   2,070,425	   2,061,432	   2,050,440	   2,040,448	   2,030,456	  
9/6/2008	   23,712,964	   23,640,020	   23,567,075	   23,494,131	   23,422,186	  
9/9/2008	   3,982,971	   3,961,987	   3,941,003	   3,919,019	   3,897,036	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Event	  Date	   30%	   35%	   40%	   45%	   50%	  
9/12/2008	   1,392,941	   1,366,960	   1,341,979	   1,316,998	   1,292,017	  
9/26/2008	   17,115,982	   17,065,021	   17,015,059	   16,964,097	   16,913,136	  
10/1/2008	   587,553	   580,558	   572,565	   565,570	   557,576	  
10/1/2008	   287,781	   280,786	   273,792	   266,797	   259,802	  
10/25/2008	   1,699,707	   1,680,722	   1,660,737	   1,641,751	   1,623,765	  
10/28/2008	   11,820,010	   11,766,051	   11,713,091	   11,660,132	   11,608,171	  
11/8/2008	   1,824,612	   1,807,625	   1,791,637	   1,775,649	   1,759,662	  
11/15/2008	   347,736	   338,742	   329,749	   319,757	   310,764	  
11/25/2008	   23,982	   20,984	   18,986	   15,988	   12,990	  
11/30/2008	   174,867	   165,874	   156,881	   147,888	   138,894	  
12/11/2008	   24,998,986	   24,913,052	   24,828,116	   24,743,181	   24,658,245	  
12/19/2008	   655,501	   635,517	   617,530	   599,544	   581,558	  
12/21/2008	   1,851,592	   1,829,608	   1,806,626	   1,784,643	   1,762,659	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Appendix vi- Pollutant Loads as Water use is Reduced in 5% Intervals from Baseline 
Values  	  
Fecal Coliform (#); Baseline- 25% Water Conservation  
 
Event	  Date	   Baseline	  	   5%	   10%	   15%	   20%	   25%	  
1/11/2008	   7.E+15	   7.E+15	   7.E+15	   6.E+15	   6.E+15	   5.E+15	  
1/13/2008	   1.E+16	   1.E+16	   1.E+16	   9.E+15	   9.E+15	   8.E+15	  
1/18/2008	   6.E+15	   6.E+15	   6.E+15	   6.E+15	   5.E+15	   5.E+15	  
2/1/2008	   4.E+16	   4.E+16	   4.E+16	   3.E+16	   3.E+16	   3.E+16	  
2/12/2008	   3.E+16	   3.E+16	   2.E+16	   2.E+16	   2.E+16	   2.E+16	  
2/22/2008	   3.E+14	   3.E+14	   2.E+14	   2.E+14	   2.E+14	   1.E+14	  
3/5/2008	   5.E+13	   5.E+13	   3.E+13	   3.E+13	   2.E+13	   1.E+13	  
3/7/2008	   6.E+16	   6.E+16	   6.E+16	   5.E+16	   5.E+16	   4.E+16	  
3/19/2008	   2.E+15	   2.E+15	   2.E+15	   1.E+15	   1.E+15	   1.E+15	  
4/4/2008	   7.E+15	   7.E+15	   7.E+15	   6.E+15	   6.E+15	   6.E+15	  
4/12/2008	   1.E+16	   1.E+16	   1.E+16	   1.E+16	   1.E+16	   9.E+15	  
4/28/2008	   9.E+15	   9.E+15	   9.E+15	   8.E+15	   7.E+15	   7.E+15	  
5/2/2008	   2.E+14	   2.E+14	   1.E+14	   1.E+14	   1.E+14	   9.E+13	  
5/9/2008	   6.E+15	   6.E+15	   6.E+15	   5.E+15	   5.E+15	   5.E+15	  
5/16/2008	   2.E+15	   2.E+15	   2.E+15	   2.E+15	   1.E+15	   1.E+15	  
5/20/2008	   6.E+15	   6.E+15	   6.E+15	   5.E+15	   5.E+15	   5.E+15	  
6/4/2008	   6.E+15	   6.E+15	   6.E+15	   5.E+15	   5.E+15	   5.E+15	  
6/8/2008	   6.E+15	   6.E+15	   6.E+15	   6.E+15	   5.E+15	   5.E+15	  
6/14/2008	   6.E+16	   6.E+16	   6.E+16	   5.E+16	   5.E+16	   5.E+16	  
6/30/2008	   1.E+14	   1.E+14	   1.E+14	   1.E+14	   8.E+13	   7.E+13	  
7/22/2008	   3.E+16	   3.E+16	   3.E+16	   3.E+16	   3.E+16	   3.E+16	  
7/24/2008	   2.E+16	   2.E+16	   2.E+16	   2.E+16	   2.E+16	   2.E+16	  
7/27/2008	   9.E+15	   9.E+15	   9.E+15	   8.E+15	   8.E+15	   7.E+15	  
8/11/2008	   2.E+15	   2.E+15	   1.E+15	   1.E+15	   1.E+15	   1.E+15	  
8/14/2008	   2.E+16	   2.E+16	   2.E+16	   2.E+16	   2.E+16	   2.E+16	  
8/15/2008	   3.E+16	   3.E+16	   3.E+16	   3.E+16	   3.E+16	   3.E+16	  
8/30/2008	   9.E+15	   9.E+15	   9.E+15	   8.E+15	   8.E+15	   7.E+15	  
9/6/2008	   8.E+16	   8.E+16	   8.E+16	   7.E+16	   7.E+16	   7.E+16	  
9/9/2008	   2.E+16	   2.E+16	   2.E+16	   2.E+16	   2.E+16	   2.E+16	  
9/12/2008	   1.E+16	   1.E+16	   9.E+15	   9.E+15	   8.E+15	   8.E+15	  
9/26/2008	   5.E+16	   5.E+16	   5.E+16	   5.E+16	   5.E+16	   4.E+16	  
10/1/2008	   2.E+15	   2.E+15	   2.E+15	   2.E+15	   2.E+15	   1.E+15	  
10/1/2008	   5.E+15	   5.E+15	   5.E+15	   4.E+15	   4.E+15	   4.E+15	  
10/25/2008	   1.E+16	   1.E+16	   1.E+16	   1.E+16	   9.E+15	   9.E+15	  
10/28/2008	   5.E+16	   5.E+16	   5.E+16	   4.E+16	   4.E+16	   4.E+16	  
11/8/2008	   1.E+16	   1.E+16	   1.E+16	   1.E+16	   1.E+16	   1.E+16	  
11/15/2008	   3.E+15	   3.E+15	   3.E+15	   3.E+15	   3.E+15	   2.E+15	  
11/25/2008	   3.E+14	   3.E+14	   3.E+14	   2.E+14	   2.E+14	   2.E+14	  
11/30/2008	   2.E+15	   2.E+15	   2.E+15	   2.E+15	   1.E+15	   1.E+15	  
12/11/2008	   8.E+16	   8.E+16	   8.E+16	   8.E+16	   7.E+16	   7.E+16	  
12/19/2008	   6.E+15	   6.E+15	   5.E+15	   5.E+15	   5.E+15	   4.E+15	  
12/21/2008	   1.E+16	   1.E+16	   1.E+16	   1.E+16	   1.E+16	   9.E+15	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Fecal Coliform Cont. 30-50% Water Conservation  
 
Event	  Date	   30%	   35%	   40%	   45%	   50%	  
1/11/2008	   5.00E+15	   5.00E+15	   4.00E+15	   4.00E+15	   3.00E+15	  
1/13/2008	   8.00E+15	   7.00E+15	   7.00E+15	   6.00E+15	   5.00E+15	  
1/18/2008	   4.00E+15	   4.00E+15	   4.00E+15	   3.00E+15	   3.00E+15	  
2/1/2008	   3.00E+16	   3.00E+16	   2.00E+16	   2.00E+16	   2.00E+16	  
2/12/2008	   2.00E+16	   2.00E+16	   2.00E+16	   1.00E+16	   1.00E+16	  
2/22/2008	   1.00E+14	   9.00E+13	   7.00E+13	   5.00E+13	   3.00E+13	  
3/5/2008	   5.00E+12	   5.00E+12	   0.00E+00	   0.00E+00	   0.00E+00	  
3/7/2008	   4.00E+16	   4.00E+16	   3.00E+16	   3.00E+16	   3.00E+16	  
3/19/2008	   8.00E+14	   7.00E+14	   5.00E+14	   4.00E+14	   3.00E+14	  
4/4/2008	   5.00E+15	   5.00E+15	   4.00E+15	   4.00E+15	   4.00E+15	  
4/12/2008	   9.00E+15	   8.00E+15	   7.00E+15	   7.00E+15	   6.00E+15	  
4/28/2008	   6.00E+15	   6.00E+15	   5.00E+15	   5.00E+15	   4.00E+15	  
5/2/2008	   8.00E+13	   6.00E+13	   5.00E+13	   4.00E+13	   3.00E+13	  
5/9/2008	   4.00E+15	   4.00E+15	   3.00E+15	   3.00E+15	   3.00E+15	  
5/16/2008	   1.00E+15	   9.00E+14	   8.00E+14	   6.00E+14	   5.00E+14	  
5/20/2008	   4.00E+15	   4.00E+15	   4.00E+15	   3.00E+15	   3.00E+15	  
6/4/2008	   4.00E+15	   4.00E+15	   4.00E+15	   3.00E+15	   3.00E+15	  
6/8/2008	   5.00E+15	   4.00E+15	   4.00E+15	   3.00E+15	   3.00E+15	  
6/14/2008	   5.00E+16	   4.00E+16	   4.00E+16	   4.00E+16	   3.00E+16	  
6/30/2008	   6.00E+13	   5.00E+13	   4.00E+13	   3.00E+13	   2.00E+13	  
7/22/2008	   2.00E+16	   2.00E+16	   2.00E+16	   2.00E+16	   2.00E+16	  
7/24/2008	   2.00E+16	   2.00E+16	   1.00E+16	   1.00E+16	   1.00E+16	  
7/27/2008	   7.00E+15	   6.00E+15	   6.00E+15	   5.00E+15	   5.00E+15	  
8/11/2008	   9.00E+14	   8.00E+14	   7.00E+14	   6.00E+14	   5.00E+14	  
8/14/2008	   2.00E+16	   2.00E+16	   2.00E+16	   1.00E+16	   1.00E+16	  
8/15/2008	   3.00E+16	   2.00E+16	   2.00E+16	   2.00E+16	   2.00E+16	  
8/30/2008	   7.00E+15	   6.00E+15	   6.00E+15	   5.00E+15	   4.00E+15	  
9/6/2008	   6.00E+16	   6.00E+16	   5.00E+16	   5.00E+16	   4.00E+16	  
9/9/2008	   2.00E+16	   1.00E+16	   1.00E+16	   1.00E+16	   1.00E+16	  
9/12/2008	   7.00E+15	   7.00E+15	   6.00E+15	   6.00E+15	   5.00E+15	  
9/26/2008	   4.00E+16	   4.00E+16	   3.00E+16	   3.00E+16	   3.00E+16	  
10/1/2008	   1.00E+15	   1.00E+15	   1.00E+15	   9.00E+14	   8.00E+14	  
10/1/2008	   4.00E+15	   3.00E+15	   3.00E+15	   3.00E+15	   2.00E+15	  
10/25/2008	   8.00E+15	   8.00E+15	   7.00E+15	   6.00E+15	   6.00E+15	  
10/28/2008	   4.00E+16	   4.00E+16	   3.00E+16	   3.00E+16	   3.00E+16	  
11/8/2008	   9.00E+15	   9.00E+15	   8.00E+15	   7.00E+15	   7.00E+15	  
11/15/2008	   2.00E+15	   2.00E+15	   2.00E+15	   2.00E+15	   1.00E+15	  
11/25/2008	   1.00E+14	   1.00E+14	   9.00E+13	   7.00E+13	   5.00E+13	  
11/30/2008	   1.00E+15	   1.00E+15	   9.00E+14	   8.00E+14	   7.00E+14	  
12/11/2008	   6.00E+16	   6.00E+16	   6.00E+16	   5.00E+16	   5.00E+16	  
12/19/2008	   4.00E+15	   4.00E+15	   3.00E+15	   3.00E+15	   3.00E+15	  
12/21/2008	   9.00E+15	   8.00E+15	   7.00E+15	   7.00E+15	   6.00E+15	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Total Suspended Solids Loads (Lbs.) Baseline- 25% Water Conservation  
 
 
Event	  Date	   Baseline	   5%	   10%	   15%	   20%	   25%	  
1/11/2008	   542.05	   542.05	   503.55	   473.93	   438.51	   410.33	  
1/13/2008	   813.16	   813.16	   762.89	   722.88	   682.14	   634.34	  
1/18/2008	   480.11	   480.11	   454.45	   428.90	   402.12	   377.14	  
2/1/2008	   2981.08	   2981.08	   2810.92	   2655.16	   2508.80	   2345.92	  
2/12/2008	   2014.30	   2014.30	   1889.77	   1759.56	   1627.03	   1506.28	  
2/22/2008	   22.30	   22.30	   19.00	   15.96	   13.47	   11.12	  
3/5/2008	   3.80	   3.80	   2.61	   1.99	   1.39	   0.75	  
3/7/2008	   4774.08	   4774.08	   4436.98	   4130.51	   3827.41	   3366.59	  
3/19/2008	   150.91	   150.91	   130.13	   111.62	   93.86	   78.20	  
4/4/2008	   536.66	   536.66	   521.92	   485.53	   458.29	   430.51	  
4/12/2008	   899.17	   899.17	   843.45	   804.51	   766.88	   727.68	  
4/28/2008	   713.14	   713.14	   664.65	   619.28	   572.56	   527.32	  
5/2/2008	   12.50	   12.50	   10.98	   9.52	   8.13	   6.82	  
5/9/2008	   485.84	   485.84	   451.10	   419.34	   386.32	   356.83	  
5/16/2008	   157.84	   157.84	   140.60	   123.55	   107.80	   91.91	  
5/20/2008	   460.52	   460.52	   430.65	   402.44	   373.97	   350.03	  
6/4/2008	   451.27	   451.27	   428.19	   405.26	   382.59	   356.75	  
6/8/2008	   483.36	   483.36	   460.47	   438.22	   416.04	   394.11	  
6/14/2008	   4570.40	   4570.40	   4286.38	   4113.24	   3937.36	   3758.07	  
6/30/2008	   9.04	   9.04	   8.20	   7.40	   6.05	   5.29	  
7/22/2008	   2531.60	   2531.60	   2389.70	   2267.53	   2144.26	   2025.97	  
7/24/2008	   1754.69	   1754.69	   1674.65	   1593.61	   1484.26	   1399.64	  
7/27/2008	   703.02	   703.02	   666.82	   630.85	   595.15	   553.61	  
8/11/2008	   116.47	   116.47	   106.35	   97.19	   87.38	   78.77	  
8/14/2008	   1871.92	   1871.92	   1786.13	   1699.84	   1615.97	   1529.98	  
8/15/2008	   2581.19	   2581.19	   2474.02	   2366.66	   2214.34	   2106.73	  
8/30/2008	   699.56	   699.56	   666.93	   632.79	   592.45	   542.93	  
9/6/2008	   6391.25	   6391.25	   6115.27	   5733.58	   5457.49	   5177.47	  
9/9/2008	   1637.88	   1637.88	   1568.70	   1497.18	   1377.22	   1247.60	  
9/12/2008	   772.48	   772.48	   723.30	   677.24	   637.38	   597.83	  
9/26/2008	   4207.95	   4207.95	   4023.39	   3762.03	   3571.54	   3378.55	  
10/1/2008	   143.86	   143.86	   131.55	   125.88	   118.02	   109.49	  
10/1/2008	   370.62	   370.62	   352.23	   333.95	   315.75	   298.08	  
10/25/2008	   845.16	   845.16	   804.45	   764.12	   723.60	   659.63	  
10/28/2008	   3810.68	   3810.68	   3641.92	   3451.86	   3281.11	   3107.04	  
11/8/2008	   977.03	   977.03	   932.77	   856.06	   814.81	   772.72	  
11/15/2008	   239.30	   239.30	   224.43	   209.79	   195.01	   179.05	  
11/25/2008	   22.23	   22.23	   19.39	   16.59	   14.52	   12.53	  
11/30/2008	   139.47	   139.47	   127.96	   117.40	   107.15	   96.86	  
12/11/2008	   6453.99	   6453.99	   6172.08	   5883.29	   5590.91	   5297.82	  
12/19/2008	   453.35	   453.35	   421.44	   390.77	   359.83	   331.86	  
12/21/2008	   927.45	   927.45	   866.83	   819.79	   772.29	   725.16	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Total Suspended Solids Cont. 30-50% Water Conservation 
 
Event	  Date	   30%	   35%	   40%	   45%	   50%	  
1/11/2008	   383.42	   356.87	   322.03	   295.24	   268.95	  
1/13/2008	   594.91	   548.44	   506.05	   456.6	   416.76	  
1/18/2008	   341.83	   323.95	   297.57	   268.97	   243.29	  
2/1/2008	   2176.46	   2034.56	   1880.67	   1725.04	   1569.55	  
2/12/2008	   1383.07	   1278.33	   1159.83	   1057.31	   951.5	  
2/22/2008	   8.83	   6.91	   5.18	   3.87	   2.66	  
3/5/2008	   0.41	   0.39	   0	   0	   0	  
3/7/2008	   3144.12	   2935.75	   2685.99	   2418.89	   2186.02	  
3/19/2008	   64.14	   51.77	   41.4	   32.02	   24.13	  
4/4/2008	   400.5	   368.37	   331.74	   303.97	   275.69	  
4/12/2008	   687.88	   640.52	   562.71	   518.6	   476.05	  
4/28/2008	   485.42	   443.79	   403.58	   362.63	   322.95	  
5/2/2008	   6.02	   4.77	   3.81	   2.82	   2.27	  
5/9/2008	   327.94	   299.83	   269.1	   241.91	   215.85	  
5/16/2008	   81.1	   68.77	   58.22	   48.54	   39.13	  
5/20/2008	   326.72	   303.54	   271.98	   245.62	   222.14	  
6/4/2008	   333.49	   310.15	   280.98	   255.21	   230.68	  
6/8/2008	   370.6	   320.41	   284.65	   262.87	   240.82	  
6/14/2008	   3574.57	   3381.88	   3037.96	   2845.75	   2640.72	  
6/30/2008	   4.48	   3.51	   2.96	   2.02	   1.52	  
7/22/2008	   1882.56	   1765.88	   1640.11	   1463.63	   1318.18	  
7/24/2008	   1311.14	   1210.47	   1110.61	   1021.06	   914.97	  
7/27/2008	   518.61	   483.76	   447.43	   403.69	   363.14	  
8/11/2008	   70.64	   61.37	   53.55	   46.93	   39.77	  
8/14/2008	   1444.98	   1358.51	   1190.42	   1101.82	   1012.44	  
8/15/2008	   1997.89	   1886.86	   1723.45	   1604.77	   1482.55	  
8/30/2008	   506.59	   471.36	   434.25	   383.93	   346.63	  
9/6/2008	   4892.79	   4592.56	   4180.57	   3799.48	   3474	  
9/9/2008	   1167.75	   1082.29	   999.9	   921.53	   819.04	  
9/12/2008	   558.58	   515.26	   472.08	   427.19	   388.34	  
9/26/2008	   3181.14	   2935.07	   2646.34	   2439.88	   2230.56	  
10/1/2008	   99.78	   89.85	   80.27	   70.69	   63.69	  
10/1/2008	   277.93	   260.88	   225.68	   207.39	   188.91	  
10/25/2008	   626	   585.86	   536.25	   488.45	   445.16	  
10/28/2008	   2892.75	   2711.58	   2495.18	   2290.85	   2097.07	  
11/8/2008	   718.37	   674.59	   620.31	   564.35	   516.1	  
11/15/2008	   163.55	   150.52	   134.42	   118.54	   105.91	  
11/25/2008	   9.55	   8.45	   7.06	   5.55	   4.18	  
11/30/2008	   86.65	   78.05	   69.71	   59.82	   52.67	  
12/11/2008	   4956.75	   4607.87	   4301.66	   3971.58	   3619.06	  
12/19/2008	   304.71	   278.48	   251.72	   227.27	   202.94	  
12/21/2008	   678.29	   621.57	   574.73	   523.47	   472.17	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Nitrogen Loads (lbs.) Baseline-25% Water Conservation 
  
Event	  Date	   Baseline	   5%	   10%	   15%	   20%	   25%	  
1/11/2008	   144.39	   144.39	   135.06	   127.83	   119.22	   112.34	  
1/13/2008	   219.38	   219.38	   207.09	   197.24	   187.20	   175.51	  
1/18/2008	   129.81	   129.81	   123.44	   117.09	   110.45	   104.24	  
2/1/2008	   797.66	   797.66	   756.21	   718.19	   682.32	   642.73	  
2/12/2008	   528.35	   528.35	   497.50	   465.19	   432.45	   402.79	  
2/22/2008	   5.90	   5.90	   5.05	   4.26	   3.62	   3.00	  
3/5/2008	   1.00	   1.00	   0.69	   0.53	   0.37	   0.20	  
3/7/2008	   1296.41	   1296.41	   1215.93	   1142.05	   1069.04	   956.80	  
3/19/2008	   38.84	   38.84	   33.59	   28.89	   24.38	   20.40	  
4/4/2008	   144.65	   144.65	   141.34	   132.46	   125.77	   118.93	  
4/12/2008	   249.34	   249.34	   235.89	   226.40	   217.26	   207.73	  
4/28/2008	   185.95	   185.95	   173.90	   162.62	   151.00	   139.80	  
5/2/2008	   3.27	   3.27	   2.88	   2.51	   2.15	   1.81	  
5/9/2008	   126.53	   126.53	   117.91	   109.99	   101.80	   94.44	  
5/16/2008	   40.66	   40.66	   36.32	   32.02	   28.03	   24.00	  
5/20/2008	   121.44	   121.44	   114.12	   107.13	   100.22	   94.30	  
6/4/2008	   123.98	   123.98	   118.27	   112.60	   107.00	   100.63	  
6/8/2008	   127.70	   127.70	   122.09	   116.64	   111.21	   105.85	  
6/14/2008	   1298.47	   1298.47	   1230.38	   1188.73	   1146.40	   1103.25	  
6/30/2008	   2.35	   2.35	   2.14	   1.93	   1.59	   1.39	  
7/22/2008	   684.82	   684.82	   650.51	   620.94	   591.10	   562.45	  
7/24/2008	   496.41	   496.41	   476.92	   457.20	   430.75	   410.14	  
7/27/2008	   186.75	   186.75	   177.85	   169.00	   160.21	   150.05	  
8/11/2008	   29.92	   29.92	   27.39	   25.11	   22.65	   20.49	  
8/14/2008	   524.64	   524.64	   503.86	   482.99	   462.69	   441.88	  
8/15/2008	   714.73	   714.73	   688.81	   662.83	   626.13	   600.10	  
8/30/2008	   194.60	   194.60	   186.66	   178.38	   168.67	   156.72	  
9/6/2008	   1839.55	   1839.55	   1772.75	   1680.79	   1613.98	   1546.27	  
9/9/2008	   444.07	   444.07	   427.28	   409.91	   380.81	   349.91	  
9/12/2008	   204.09	   204.09	   192.04	   180.72	   170.88	   161.12	  
9/26/2008	   1231.00	   1231.00	   1186.33	   1123.35	   1077.26	   1030.59	  
10/1/2008	   38.57	   38.57	   35.44	   34.08	   32.11	   29.97	  
10/1/2008	   96.62	   96.62	   92.12	   87.65	   83.19	   78.87	  
10/25/2008	   225.07	   225.07	   215.09	   205.22	   195.29	   179.31	  
10/28/2008	   1066.92	   1066.92	   1026.00	   979.97	   938.58	   896.36	  
11/8/2008	   257.94	   257.94	   247.14	   228.31	   218.58	   208.31	  
11/15/2008	   62.24	   62.24	   58.57	   54.95	   51.28	   47.37	  
11/25/2008	   5.85	   5.85	   5.12	   4.40	   3.87	   3.35	  
11/30/2008	   36.21	   36.21	   33.32	   30.67	   28.10	   25.50	  
12/11/2008	   1872.15	   1872.15	   1803.84	   1733.82	   1662.98	   1592.05	  
12/19/2008	   118.07	   118.07	   110.15	   102.55	   94.90	   87.92	  
12/21/2008	   246.90	   246.90	   232.13	   220.61	   208.99	   197.44	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Nitrogen Loads (lbs.) 30-50% Water Conservation  
 
Event	  Date	   30%	   35%	   40%	   45%	   50%	  
1/11/2008	   105.76	   99.28	   90.81	   84.26	   77.84	  
1/13/2008	   165.81	   154.45	   144.04	   131.97	   122.18	  
1/18/2008	   95.31	   91.07	   84.53	   77.47	   71.11	  
2/1/2008	   601.56	   566.89	   529.38	   491.37	   453.49	  
2/12/2008	   372.2	   346.31	   316.82	   291.56	   265.45	  
2/22/2008	   2.41	   1.89	   1.43	   1.08	   0.75	  
3/5/2008	   0.11	   0.11	   0	   0	   0	  
3/7/2008	   904.8	   854.35	   794.09	   728.95	   673.48	  
3/19/2008	   16.81	   13.64	   10.97	   8.55	   6.52	  
4/4/2008	   111.59	   103.74	   94.8	   87.99	   81.04	  
4/12/2008	   198.07	   186.59	   167.88	   157.18	   146.9	  
4/28/2008	   129.35	   118.99	   108.94	   98.76	   88.86	  
5/2/2008	   1.61	   1.28	   1.04	   0.78	   0.63	  
5/9/2008	   87.23	   80.21	   72.58	   65.78	   59.26	  
5/16/2008	   21.28	   18.15	   15.46	   12.98	   10.56	  
5/20/2008	   88.55	   82.83	   75.1	   68.63	   62.83	  
6/4/2008	   94.86	   89.1	   81.88	   75.6	   69.56	  
6/8/2008	   100.09	   87.65	   79.36	   74.04	   68.65	  
6/14/2008	   1059.1	   1012.69	   930.28	   884.14	   834.76	  
6/30/2008	   1.18	   0.94	   0.8	   0.55	   0.41	  
7/22/2008	   527.79	   499.54	   469.08	   426.49	   391.48	  
7/24/2008	   388.64	   364.24	   340.01	   318.28	   292.58	  
7/27/2008	   141.43	   132.85	   123.93	   113.23	   103.3	  
8/11/2008	   18.46	   16.15	   14.19	   12.53	   10.75	  
8/14/2008	   421.32	   400.39	   359.99	   338.58	   316.97	  
8/15/2008	   573.78	   546.94	   507.59	   478.92	   449.42	  
8/30/2008	   147.9	   139.38	   130.39	   118.27	   109.24	  
9/6/2008	   1477.42	   1404.7	   1304.77	   1213.95	   1135.28	  
9/9/2008	   330.59	   309.94	   290.03	   271.04	   246.34	  
9/12/2008	   151.42	   140.75	   130.11	   119.09	   109.51	  
9/26/2008	   982.8	   923.58	   854.11	   804.18	   753.62	  
10/1/2008	   27.55	   25.09	   22.7	   20.34	   18.58	  
10/1/2008	   73.95	   69.79	   61.29	   56.84	   52.33	  
10/25/2008	   171.51	   161.69	   149.58	   137.95	   127.4	  
10/28/2008	   844.57	   800.69	   748.12	   699.01	   652.17	  
11/8/2008	   195.02	   184.51	   171.36	   157.81	   146.02	  
11/15/2008	   43.55	   40.32	   36.37	   32.45	   29.32	  
11/25/2008	   2.57	   2.29	   1.93	   1.53	   1.17	  
11/30/2008	   22.95	   20.78	   18.67	   16.15	   14.37	  
12/11/2008	   1509.44	   1425.32	   1351.22	   1271.44	   1186.37	  
12/19/2008	   81.22	   74.71	   68.09	   62.03	   56	  
12/21/2008	   185.97	   172.15	   160.68	   148.06	   135.66	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Phosphorous Loads (lbs.) Baseline-25% Water Conservation  
 
Event	  Date	   Baseline	   5%	   10%	   15%	   20%	   25%	  
1/11/2008	   25.30	   25.30	   23.66	   22.38	   20.86	   19.65	  
1/13/2008	   38.41	   38.41	   36.24	   34.51	   32.74	   30.67	  
1/18/2008	   22.72	   22.72	   21.60	   20.48	   19.31	   18.22	  
2/1/2008	   139.74	   139.74	   132.43	   125.72	   119.40	   112.41	  
2/12/2008	   92.70	   92.70	   87.26	   81.57	   75.80	   70.57	  
2/22/2008	   1.04	   1.04	   0.89	   0.75	   0.63	   0.53	  
3/5/2008	   0.18	   0.18	   0.12	   0.09	   0.07	   0.04	  
3/7/2008	   226.87	   226.87	   212.65	   199.61	   186.71	   166.91	  
3/19/2008	   6.82	   6.82	   5.90	   5.07	   4.28	   3.58	  
4/4/2008	   25.33	   25.33	   24.74	   23.17	   21.99	   20.79	  
4/12/2008	   43.57	   43.57	   41.20	   39.52	   37.91	   36.23	  
4/28/2008	   32.64	   32.64	   30.52	   28.53	   26.48	   24.51	  
5/2/2008	   0.57	   0.57	   0.50	   0.44	   0.38	   0.32	  
5/9/2008	   22.21	   22.21	   20.69	   19.30	   17.85	   16.56	  
5/16/2008	   7.14	   7.14	   6.38	   5.62	   4.92	   4.21	  
5/20/2008	   21.30	   21.30	   20.01	   18.78	   17.55	   16.51	  
6/4/2008	   21.68	   21.68	   20.67	   19.67	   18.68	   17.56	  
6/8/2008	   22.39	   22.39	   21.40	   20.44	   19.48	   18.54	  
6/14/2008	   226.49	   226.49	   214.46	   207.11	   199.63	   192.01	  
6/30/2008	   0.41	   0.41	   0.38	   0.34	   0.28	   0.24	  
7/22/2008	   119.88	   119.88	   113.82	   108.60	   103.33	   98.28	  
7/24/2008	   86.63	   86.63	   83.19	   79.71	   75.04	   71.40	  
7/27/2008	   32.73	   32.73	   31.16	   29.60	   28.06	   26.26	  
8/11/2008	   5.26	   5.26	   4.81	   4.41	   3.98	   3.60	  
8/14/2008	   91.61	   91.61	   87.95	   84.26	   80.68	   77.00	  
8/15/2008	   124.90	   124.90	   120.33	   115.74	   109.26	   104.67	  
8/30/2008	   34.00	   34.00	   32.60	   31.14	   29.42	   27.31	  
9/6/2008	   320.61	   320.61	   308.82	   292.58	   280.78	   268.83	  
9/9/2008	   77.73	   77.73	   74.76	   71.70	   66.56	   61.10	  
9/12/2008	   35.79	   35.79	   33.66	   31.67	   29.93	   28.21	  
9/26/2008	   214.32	   214.32	   206.43	   195.31	   187.18	   178.94	  
10/1/2008	   6.76	   6.76	   6.21	   5.96	   5.62	   5.24	  
10/1/2008	   16.96	   16.96	   16.17	   15.38	   14.59	   13.83	  
10/25/2008	   39.44	   39.44	   37.68	   35.94	   34.19	   31.38	  
10/28/2008	   186.31	   186.31	   179.09	   170.97	   163.66	   156.21	  
11/8/2008	   45.23	   45.23	   43.33	   40.01	   38.29	   36.47	  
11/15/2008	   10.93	   10.93	   10.28	   9.64	   9.00	   8.31	  
11/25/2008	   1.03	   1.03	   0.90	   0.77	   0.68	   0.59	  
11/30/2008	   6.36	   6.36	   5.85	   5.38	   4.93	   4.47	  
12/11/2008	   326.12	   326.12	   314.06	   301.71	   289.20	   276.68	  
12/19/2008	   20.73	   20.73	   19.33	   17.99	   16.64	   15.41	  
12/21/2008	   43.27	   43.27	   40.67	   38.63	   36.58	   34.55	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Phosphorous Cont.- 30-50% Water Conservation  
 
Event	  Date	   30%	   35%	   40%	   45%	   50%	  
1/11/2008	   18.49	   17.34	   15.85	   14.69	   13.56	  
1/13/2008	   28.96	   26.96	   25.12	   23	   21.27	  
1/18/2008	   16.65	   15.9	   14.75	   13.5	   12.38	  
2/1/2008	   105.14	   99.03	   92.41	   85.71	   79.02	  
2/12/2008	   65.18	   60.62	   55.42	   50.97	   46.37	  
2/22/2008	   0.42	   0.33	   0.25	   0.19	   0.13	  
3/5/2008	   0.02	   0.02	   0	   0	   0	  
3/7/2008	   157.71	   148.8	   138.16	   126.67	   116.86	  
3/19/2008	   2.95	   2.39	   1.92	   1.5	   1.14	  
4/4/2008	   19.49	   18.11	   16.53	   15.33	   14.1	  
4/12/2008	   34.52	   32.5	   29.19	   27.3	   25.49	  
4/28/2008	   22.67	   20.84	   19.07	   17.28	   15.54	  
5/2/2008	   0.28	   0.22	   0.18	   0.14	   0.11	  
5/9/2008	   15.29	   14.05	   12.71	   11.51	   10.36	  
5/16/2008	   3.73	   3.18	   2.71	   2.27	   1.85	  
5/20/2008	   15.5	   14.49	   13.13	   11.99	   10.96	  
6/4/2008	   16.55	   15.53	   14.26	   13.15	   12.09	  
6/8/2008	   17.52	   15.33	   13.86	   12.92	   11.97	  
6/14/2008	   184.21	   176.02	   161.46	   153.31	   144.59	  
6/30/2008	   0.21	   0.16	   0.14	   0.1	   0.07	  
7/22/2008	   92.16	   87.17	   81.8	   74.27	   68.09	  
7/24/2008	   67.61	   63.3	   59.02	   55.19	   50.65	  
7/27/2008	   24.74	   23.23	   21.66	   19.77	   18.02	  
8/11/2008	   3.24	   2.83	   2.49	   2.2	   1.88	  
8/14/2008	   73.37	   69.68	   62.54	   58.76	   54.95	  
8/15/2008	   100.02	   95.28	   88.33	   83.27	   78.06	  
8/30/2008	   25.75	   24.25	   22.66	   20.52	   18.93	  
9/6/2008	   256.68	   243.84	   226.2	   210.15	   196.26	  
9/9/2008	   57.69	   54.04	   50.53	   47.18	   42.82	  
9/12/2008	   26.5	   24.62	   22.75	   20.8	   19.11	  
9/26/2008	   170.5	   160.04	   147.77	   138.96	   130.03	  
10/1/2008	   4.82	   4.38	   3.96	   3.55	   3.24	  
10/1/2008	   12.96	   12.23	   10.73	   9.94	   9.14	  
10/25/2008	   30	   28.26	   26.13	   24.08	   22.21	  
10/28/2008	   147.06	   139.32	   130.04	   121.37	   113.09	  
11/8/2008	   34.13	   32.27	   29.95	   27.56	   25.48	  
11/15/2008	   7.63	   7.06	   6.37	   5.67	   5.12	  
11/25/2008	   0.45	   0.4	   0.34	   0.27	   0.2	  
11/30/2008	   4.02	   3.64	   3.27	   2.83	   2.51	  
12/11/2008	   262.1	   247.24	   234.16	   220.08	   205.05	  
12/19/2008	   14.23	   13.09	   11.92	   10.85	   9.79	  
12/21/2008	   32.52	   30.09	   28.06	   25.84	   23.65	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Copper Loads (lbs.)- Baseline-30% Water Conservation  
 
Event	  Date	   Baseline	  	   5%	   10%	   15%	   20%	   25%	  
1/11/2008	   0.51	   0.51	   0.49	   0.47	   0.44	   0.43	  
1/13/2008	   0.80	   0.80	   0.77	   0.74	   0.71	   0.68	  
1/18/2008	   0.48	   0.48	   0.46	   0.44	   0.42	   0.41	  
2/1/2008	   2.85	   2.85	   2.74	   2.64	   2.54	   2.44	  
2/12/2008	   1.79	   1.79	   1.70	   1.61	   1.52	   1.44	  
2/22/2008	   0.02	   0.02	   0.02	   0.02	   0.01	   0.01	  
3/5/2008	   0.00	   0.00	   0.00	   0.00	   0.00	   0.00	  
3/7/2008	   4.81	   4.81	   4.62	   4.43	   4.25	   3.96	  
3/19/2008	   0.12	   0.12	   0.11	   0.09	   0.08	   0.07	  
4/4/2008	   0.53	   0.53	   0.52	   0.50	   0.48	   0.46	  
4/12/2008	   0.97	   0.97	   0.94	   0.92	   0.89	   0.87	  
4/28/2008	   0.62	   0.62	   0.58	   0.55	   0.52	   0.49	  
5/2/2008	   0.01	   0.01	   0.01	   0.01	   0.01	   0.01	  
5/9/2008	   0.42	   0.42	   0.39	   0.37	   0.35	   0.33	  
5/16/2008	   0.13	   0.13	   0.12	   0.10	   0.09	   0.08	  
5/20/2008	   0.42	   0.42	   0.40	   0.38	   0.36	   0.34	  
6/4/2008	   0.47	   0.47	   0.46	   0.44	   0.43	   0.41	  
6/8/2008	   0.44	   0.44	   0.43	   0.41	   0.40	   0.38	  
6/14/2008	   5.34	   5.34	   5.17	   5.07	   4.97	   4.86	  
6/30/2008	   0.01	   0.01	   0.01	   0.01	   0.01	   0.00	  
7/22/2008	   2.52	   2.52	   2.43	   2.35	   2.28	   2.21	  
7/24/2008	   2.03	   2.03	   1.98	   1.93	   1.86	   1.81	  
7/27/2008	   0.65	   0.65	   0.63	   0.61	   0.58	   0.55	  
8/11/2008	   0.09	   0.09	   0.09	   0.08	   0.07	   0.07	  
8/14/2008	   2.10	   2.10	   2.05	   2.00	   1.94	   1.89	  
8/15/2008	   2.78	   2.78	   2.71	   2.65	   2.56	   2.49	  
8/30/2008	   0.77	   0.77	   0.75	   0.73	   0.70	   0.67	  
9/6/2008	   7.80	   7.80	   7.63	   7.40	   7.23	   7.06	  
9/9/2008	   1.64	   1.64	   1.60	   1.55	   1.48	   1.40	  
9/12/2008	   0.70	   0.70	   0.67	   0.64	   0.61	   0.59	  
9/26/2008	   5.40	   5.40	   5.29	   5.13	   5.01	   4.89	  
10/1/2008	   0.14	   0.14	   0.13	   0.13	   0.12	   0.11	  
10/1/2008	   0.32	   0.32	   0.31	   0.30	   0.28	   0.27	  
10/25/2008	   0.79	   0.79	   0.77	   0.74	   0.71	   0.67	  
10/28/2008	   4.26	   4.26	   4.16	   4.04	   3.94	   3.83	  
11/8/2008	   0.89	   0.89	   0.86	   0.81	   0.79	   0.76	  
11/15/2008	   0.21	   0.21	   0.19	   0.18	   0.17	   0.16	  
11/25/2008	   0.02	   0.02	   0.02	   0.02	   0.01	   0.01	  
11/30/2008	   0.12	   0.12	   0.11	   0.10	   0.09	   0.09	  
12/11/2008	   8.07	   8.07	   7.90	   7.72	   7.54	   7.36	  
12/19/2008	   0.39	   0.39	   0.37	   0.35	   0.33	   0.31	  
12/21/2008	   0.87	   0.87	   0.83	   0.80	   0.77	   0.74	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Copper Loads Cont. - 30-50% Water Conservation 
 
Event	  Date	   30%	   35%	   40%	   45%	   50%	  
1/11/2008	   0.41	   0.39	   0.37	   0.35	   0.34	  
1/13/2008	   0.66	   0.63	   0.6	   0.57	   0.54	  
1/18/2008	   0.38	   0.37	   0.35	   0.33	   0.31	  
2/1/2008	   2.34	   2.24	   2.15	   2.05	   1.95	  
2/12/2008	   1.35	   1.28	   1.2	   1.13	   1.06	  
2/22/2008	   0.01	   0.01	   0.01	   0	   0	  
3/5/2008	   0	   0	   0	   0	   0	  
3/7/2008	   3.84	   3.72	   3.57	   3.4	   3.26	  
3/19/2008	   0.06	   0.05	   0.04	   0.03	   0.02	  
4/4/2008	   0.44	   0.42	   0.4	   0.38	   0.36	  
4/12/2008	   0.84	   0.81	   0.77	   0.74	   0.72	  
4/28/2008	   0.46	   0.43	   0.4	   0.37	   0.34	  
5/2/2008	   0.01	   0	   0	   0	   0	  
5/9/2008	   0.31	   0.29	   0.27	   0.25	   0.23	  
5/16/2008	   0.07	   0.06	   0.05	   0.05	   0.04	  
5/20/2008	   0.33	   0.31	   0.29	   0.27	   0.26	  
6/4/2008	   0.39	   0.38	   0.36	   0.34	   0.33	  
6/8/2008	   0.37	   0.33	   0.32	   0.3	   0.29	  
6/14/2008	   4.75	   4.63	   4.44	   4.32	   4.2	  
6/30/2008	   0	   0	   0	   0	   0	  
7/22/2008	   2.12	   2.05	   1.97	   1.86	   1.78	  
7/24/2008	   1.76	   1.69	   1.63	   1.58	   1.51	  
7/27/2008	   0.53	   0.51	   0.48	   0.46	   0.43	  
8/11/2008	   0.06	   0.06	   0.05	   0.04	   0.04	  
8/14/2008	   1.84	   1.79	   1.69	   1.63	   1.58	  
8/15/2008	   2.42	   2.36	   2.26	   2.19	   2.11	  
8/30/2008	   0.65	   0.63	   0.6	   0.57	   0.55	  
9/6/2008	   6.89	   6.7	   6.45	   6.23	   6.03	  
9/9/2008	   1.36	   1.3	   1.25	   1.21	   1.14	  
9/12/2008	   0.56	   0.53	   0.5	   0.47	   0.45	  
9/26/2008	   4.77	   4.63	   4.45	   4.33	   4.2	  
10/1/2008	   0.11	   0.1	   0.09	   0.09	   0.08	  
10/1/2008	   0.26	   0.25	   0.23	   0.22	   0.21	  
10/25/2008	   0.65	   0.63	   0.59	   0.56	   0.54	  
10/28/2008	   3.7	   3.59	   3.45	   3.33	   3.21	  
11/8/2008	   0.72	   0.7	   0.66	   0.63	   0.6	  
11/15/2008	   0.15	   0.14	   0.13	   0.12	   0.11	  
11/25/2008	   0.01	   0.01	   0.01	   0.01	   0	  
11/30/2008	   0.08	   0.07	   0.07	   0.06	   0.05	  
12/11/2008	   7.15	   6.94	   6.75	   6.55	   6.34	  
12/19/2008	   0.29	   0.27	   0.25	   0.23	   0.22	  
12/21/2008	   0.71	   0.67	   0.64	   0.61	   0.58	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Lead Loads (lbs.)- Baseline-25% Water Conservation 
 
Event	  	  Date	  	  	   Baseline	  	   5%	   10%	   15%	   20%	   25%	  
1/11/2008	   0.30	   0.30	   0.29	   0.28	   0.27	   0.26	  
1/13/2008	   0.48	   0.48	   0.47	   0.45	   0.44	   0.43	  
1/18/2008	   0.29	   0.29	   0.28	   0.27	   0.26	   0.25	  
2/1/2008	   1.69	   1.69	   1.64	   1.60	   1.55	   1.50	  
2/12/2008	   1.02	   1.02	   0.98	   0.93	   0.89	   0.85	  
2/22/2008	   0.01	   0.01	   0.01	   0.01	   0.01	   0.01	  
3/5/2008	   0.00	   0.00	   0.00	   0.00	   0.00	   0.00	  
3/7/2008	   2.93	   2.93	   2.85	   2.77	   2.69	   2.55	  
3/19/2008	   0.07	   0.07	   0.06	   0.05	   0.04	   0.04	  
4/4/2008	   0.32	   0.32	   0.32	   0.30	   0.30	   0.29	  
4/12/2008	   0.61	   0.61	   0.60	   0.58	   0.57	   0.56	  
4/28/2008	   0.35	   0.35	   0.33	   0.32	   0.30	   0.28	  
5/2/2008	   0.01	   0.01	   0.01	   0.00	   0.00	   0.00	  
5/9/2008	   0.24	   0.24	   0.22	   0.21	   0.20	   0.19	  
5/16/2008	   0.07	   0.07	   0.06	   0.06	   0.05	   0.05	  
5/20/2008	   0.24	   0.24	   0.23	   0.22	   0.21	   0.21	  
6/4/2008	   0.29	   0.29	   0.28	   0.28	   0.27	   0.26	  
6/8/2008	   0.26	   0.26	   0.25	   0.24	   0.24	   0.23	  
6/14/2008	   3.45	   3.45	   3.38	   3.33	   3.28	   3.24	  
6/30/2008	   0.00	   0.00	   0.00	   0.00	   0.00	   0.00	  
7/22/2008	   1.52	   1.52	   1.48	   1.45	   1.42	   1.38	  
7/24/2008	   1.30	   1.30	   1.28	   1.26	   1.23	   1.20	  
7/27/2008	   0.38	   0.38	   0.37	   0.36	   0.35	   0.34	  
8/11/2008	   0.05	   0.05	   0.05	   0.04	   0.04	   0.04	  
8/14/2008	   1.34	   1.34	   1.31	   1.29	   1.26	   1.24	  
8/15/2008	   1.74	   1.74	   1.71	   1.68	   1.64	   1.61	  
8/30/2008	   0.48	   0.48	   0.47	   0.46	   0.45	   0.44	  
9/6/2008	   5.10	   5.10	   5.02	   4.92	   4.84	   4.77	  
9/9/2008	   1.00	   1.00	   0.98	   0.96	   0.92	   0.89	  
9/12/2008	   0.41	   0.41	   0.39	   0.38	   0.37	   0.35	  
9/26/2008	   3.59	   3.59	   3.54	   3.47	   3.41	   3.36	  
10/1/2008	   0.08	   0.08	   0.08	   0.08	   0.07	   0.07	  
10/1/2008	   0.18	   0.18	   0.18	   0.17	   0.16	   0.16	  
10/25/2008	   0.47	   0.47	   0.45	   0.44	   0.43	   0.41	  
10/28/2008	   2.70	   2.70	   2.66	   2.60	   2.55	   2.50	  
11/8/2008	   0.52	   0.52	   0.50	   0.48	   0.47	   0.46	  
11/15/2008	   0.12	   0.12	   0.11	   0.11	   0.10	   0.10	  
11/25/2008	   0.01	   0.01	   0.01	   0.01	   0.01	   0.01	  
11/30/2008	   0.07	   0.07	   0.06	   0.06	   0.05	   0.05	  
12/11/2008	   5.32	   5.32	   5.24	   5.15	   5.07	   4.99	  
12/19/2008	   0.22	   0.22	   0.21	   0.20	   0.19	   0.18	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Lead Loads Cont. – 30-50% Water Conservation 
 
Event	  	  Date	  	  	   30%	   35%	   40%	   45%	   50%	  
1/11/2008	   0.25	   0.25	   0.24	   0.23	   0.22	  
1/13/2008	   0.41	   0.4	   0.38	   0.37	   0.36	  
1/18/2008	   0.24	   0.23	   0.22	   0.21	   0.21	  
2/1/2008	   1.45	   1.41	   1.37	   1.32	   1.27	  
2/12/2008	   0.81	   0.77	   0.73	   0.7	   0.66	  
2/22/2008	   0.01	   0	   0	   0	   0	  
3/5/2008	   0	   0	   0	   0	   0	  
3/7/2008	   2.51	   2.45	   2.38	   2.3	   2.25	  
3/19/2008	   0.03	   0.03	   0.02	   0.02	   0.01	  
4/4/2008	   0.28	   0.27	   0.26	   0.25	   0.24	  
4/12/2008	   0.55	   0.54	   0.52	   0.5	   0.49	  
4/28/2008	   0.27	   0.25	   0.24	   0.23	   0.21	  
5/2/2008	   0	   0	   0	   0	   0	  
5/9/2008	   0.18	   0.17	   0.16	   0.15	   0.14	  
5/16/2008	   0.04	   0.04	   0.03	   0.03	   0.02	  
5/20/2008	   0.2	   0.19	   0.18	   0.17	   0.16	  
6/4/2008	   0.25	   0.25	   0.24	   0.23	   0.22	  
6/8/2008	   0.22	   0.2	   0.2	   0.19	   0.18	  
6/14/2008	   3.19	   3.14	   3.05	   3	   2.95	  
6/30/2008	   0	   0	   0	   0	   0	  
7/22/2008	   1.34	   1.31	   1.28	   1.23	   1.19	  
7/24/2008	   1.18	   1.15	   1.12	   1.09	   1.06	  
7/27/2008	   0.32	   0.31	   0.3	   0.29	   0.28	  
8/11/2008	   0.04	   0.03	   0.03	   0.03	   0.02	  
8/14/2008	   1.22	   1.19	   1.15	   1.12	   1.1	  
8/15/2008	   1.58	   1.55	   1.51	   1.47	   1.44	  
8/30/2008	   0.43	   0.42	   0.41	   0.39	   0.38	  
9/6/2008	   4.69	   4.6	   4.48	   4.39	   4.3	  
9/9/2008	   0.87	   0.85	   0.82	   0.8	   0.77	  
9/12/2008	   0.34	   0.33	   0.31	   0.3	   0.28	  
9/26/2008	   3.3	   3.24	   3.16	   3.11	   3.05	  
10/1/2008	   0.07	   0.06	   0.06	   0.06	   0.05	  
10/1/2008	   0.15	   0.15	   0.14	   0.13	   0.13	  
10/25/2008	   0.4	   0.39	   0.37	   0.36	   0.35	  
10/28/2008	   2.45	   2.39	   2.33	   2.28	   2.22	  
11/8/2008	   0.44	   0.43	   0.41	   0.4	   0.38	  
11/15/2008	   0.09	   0.09	   0.08	   0.08	   0.07	  
11/25/2008	   0.01	   0.01	   0	   0	   0	  
11/30/2008	   0.05	   0.04	   0.04	   0.04	   0.03	  
12/11/2008	   4.9	   4.8	   4.72	   4.62	   4.53	  
12/19/2008	   0.17	   0.16	   0.15	   0.14	   0.13	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Zinc Loads (lbs.)- Baseline-25% Water Conservation  
 
Event	  Date	   Baseline	   5%	   10%	   15%	   20%	   25%	  
1/11/2008	   1.83	   1.83	   1.80	   1.77	   1.74	   1.72	  
1/13/2008	   3.04	   3.04	   3.00	   2.95	   2.90	   2.86	  
1/18/2008	   1.83	   1.83	   1.79	   1.76	   1.72	   1.69	  
2/1/2008	   10.41	   10.41	   10.27	   10.13	   9.98	   9.85	  
2/12/2008	   5.89	   5.89	   5.73	   5.55	   5.39	   5.25	  
2/22/2008	   0.07	   0.07	   0.06	   0.06	   0.05	   0.04	  
3/5/2008	   0.01	   0.01	   0.01	   0.01	   0.00	   0.00	  
3/7/2008	   18.72	   18.72	   18.60	   18.42	   18.25	   17.85	  
3/19/2008	   0.36	   0.36	   0.32	   0.28	   0.25	   0.22	  
4/4/2008	   2.00	   2.00	   2.01	   1.98	   1.95	   1.92	  
4/12/2008	   4.09	   4.09	   4.06	   4.03	   4.00	   3.97	  
4/28/2008	   1.96	   1.96	   1.90	   1.83	   1.77	   1.71	  
5/2/2008	   0.04	   0.04	   0.03	   0.03	   0.03	   0.02	  
5/9/2008	   1.32	   1.32	   1.27	   1.23	   1.18	   1.14	  
5/16/2008	   0.38	   0.38	   0.35	   0.32	   0.29	   0.26	  
5/20/2008	   1.42	   1.42	   1.39	   1.35	   1.33	   1.30	  
6/4/2008	   1.94	   1.94	   1.91	   1.88	   1.85	   1.82	  
6/8/2008	   1.51	   1.51	   1.49	   1.47	   1.44	   1.42	  
6/14/2008	   23.99	   23.99	   23.87	   23.77	   23.68	   23.59	  
6/30/2008	   0.02	   0.02	   0.02	   0.02	   0.02	   0.02	  
7/22/2008	   9.64	   9.64	   9.55	   9.47	   9.39	   9.30	  
7/24/2008	   9.07	   9.07	   9.00	   8.94	   8.87	   8.79	  
7/27/2008	   2.31	   2.31	   2.27	   2.23	   2.19	   2.15	  
8/11/2008	   0.27	   0.27	   0.26	   0.24	   0.23	   0.21	  
8/14/2008	   9.11	   9.11	   9.05	   8.99	   8.94	   8.88	  
8/15/2008	   11.60	   11.60	   11.52	   11.45	   11.36	   11.29	  
8/30/2008	   3.26	   3.26	   3.23	   3.21	   3.19	   3.16	  
9/6/2008	   36.27	   36.27	   36.08	   35.86	   35.68	   35.50	  
9/9/2008	   6.35	   6.35	   6.29	   6.24	   6.15	   6.11	  
9/12/2008	   2.42	   2.42	   2.37	   2.32	   2.27	   2.22	  
9/26/2008	   26.06	   26.06	   25.94	   25.79	   25.66	   25.53	  
10/1/2008	   0.51	   0.51	   0.49	   0.49	   0.47	   0.46	  
10/1/2008	   1.02	   1.02	   1.00	   0.98	   0.97	   0.95	  
10/25/2008	   2.84	   2.84	   2.80	   2.76	   2.72	   2.62	  
10/28/2008	   18.45	   18.45	   18.33	   18.20	   18.08	   17.95	  
11/8/2008	   3.03	   3.03	   2.99	   2.91	   2.91	   2.87	  
11/15/2008	   0.64	   0.64	   0.62	   0.60	   0.58	   0.57	  
11/25/2008	   0.07	   0.07	   0.06	   0.05	   0.05	   0.04	  
11/30/2008	   0.37	   0.37	   0.35	   0.33	   0.31	   0.29	  
12/11/2008	   38.23	   38.23	   38.03	   37.82	   37.62	   37.43	  
12/19/2008	   1.23	   1.23	   1.19	   1.15	   1.11	   1.07	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Zinc Loads Cont. – 30-50% Water Conservation 
 
Event	  Date	   30%	   35%	   40%	   45%	   50%	  
1/11/2008	   1.69	   1.67	   1.64	   1.62	   1.59	  
1/13/2008	   2.81	   2.77	   2.73	   2.68	   2.64	  
1/18/2008	   1.62	   1.62	   1.59	   1.55	   1.52	  
2/1/2008	   9.71	   9.58	   9.45	   9.31	   9.18	  
2/12/2008	   5.09	   4.96	   4.79	   4.67	   4.54	  
2/22/2008	   0.04	   0.03	   0.02	   0.02	   0.01	  
3/5/2008	   0	   0	   0	   0	   0	  
3/7/2008	   17.9	   17.76	   17.62	   17.39	   17.33	  
3/19/2008	   0.19	   0.16	   0.13	   0.11	   0.09	  
4/4/2008	   1.89	   1.86	   1.83	   1.8	   1.77	  
4/12/2008	   3.94	   3.9	   3.87	   3.84	   3.82	  
4/28/2008	   1.64	   1.58	   1.52	   1.46	   1.41	  
5/2/2008	   0.02	   0.02	   0.02	   0.01	   0.01	  
5/9/2008	   1.09	   1.05	   1.01	   0.96	   0.92	  
5/16/2008	   0.24	   0.21	   0.19	   0.17	   0.15	  
5/20/2008	   1.27	   1.24	   1.21	   1.18	   1.15	  
6/4/2008	   1.79	   1.76	   1.72	   1.7	   1.68	  
6/8/2008	   1.4	   1.33	   1.35	   1.33	   1.31	  
6/14/2008	   23.49	   23.38	   23.26	   23.17	   23.06	  
6/30/2008	   0.01	   0.01	   0.01	   0.01	   0.01	  
7/22/2008	   9.21	   9.13	   9.05	   8.95	   8.87	  
7/24/2008	   8.73	   8.66	   8.59	   8.52	   8.45	  
7/27/2008	   2.11	   2.07	   2.03	   1.99	   1.95	  
8/11/2008	   0.2	   0.19	   0.17	   0.16	   0.15	  
8/14/2008	   8.82	   8.77	   8.69	   8.64	   8.58	  
8/15/2008	   11.22	   11.15	   11.07	   11	   10.93	  
8/30/2008	   3.13	   3.11	   3.08	   3.06	   3.03	  
9/6/2008	   35.31	   35.11	   34.82	   34.73	   34.53	  
9/9/2008	   6.06	   6.01	   5.96	   5.9	   5.84	  
9/12/2008	   2.17	   2.12	   2.07	   2.03	   1.98	  
9/26/2008	   25.4	   25.27	   25.13	   25	   24.87	  
10/1/2008	   0.44	   0.43	   0.42	   0.41	   0.4	  
10/1/2008	   0.93	   0.92	   0.9	   0.88	   0.86	  
10/25/2008	   2.63	   2.59	   2.55	   2.51	   2.48	  
10/28/2008	   17.81	   17.69	   17.53	   17.44	   17.32	  
11/8/2008	   2.82	   2.8	   2.76	   2.73	   2.68	  
11/15/2008	   0.55	   0.53	   0.52	   0.5	   0.48	  
11/25/2008	   0.04	   0.03	   0.03	   0.02	   0.02	  
11/30/2008	   0.28	   0.26	   0.25	   0.23	   0.22	  
12/11/2008	   37.19	   36.99	   36.79	   36.59	   36.39	  
12/19/2008	   1.03	   1	   0.96	   0.93	   0.9	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Abstract:  
Public participation plays an important role in wet weather pollution management. However, the 
effects of participation programs on local water quality are often difficult to quantify. This 
project aims to quantify the effects of a community based, non-structural, BMP aimed at 
controlling inputs to combined sewage systems by encouraging residents to reduce their water 
use during rain events. A household could participate by reducing the amount of water they use 
for flushing toilets, washing dishes, taking showers, etc. during rain events; thereby reducing 
stress on the system during the time of highest demand. This practice was tested using a 
sewershed modeling approach. Results showed that while projected reductions in flow volume 
were quite low, reductions in pollutant loads were promising. Modeled pollutant load 
reductions, specifically those for Fecal Coliform and Nutrients were favorable compared to 
those typically achieved using green infrastructure approaches. This suggests that, with further 
evaluation, the practice of conserving water during storm events may serve as a community-
based complement to engineered pollution controls in urban regions.  
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1.0 Introduction  
The growth and urbanization of the United States has given rise to considerable pollution 
of surface waters, in large part due to continued wet weather discharges. For much of the 20th 
Century, wet weather management in the United States was focused on the quick conveyance of 
stormwater flows to surface waters in order to avoid flooding. It was not until the 1990’s that 
stormwater quality was widely addressed, and not until even more recently that the issues of 
sustainability and local involvement came to the forefront (Brown, 2008).  
Stormwater systems in the United States are, for the most part, divided into two 
categories: separate and combined. Separate systems are not connected to the local sewer system 
and are designed to convey only stormwater to local waterbodies. Combined systems are 
connected to the local sewer system. When local water treatment facilities are overwhelmed, 
combined sewer systems discharge mixed stormwater and raw sewage directly into natural 
waterbodies. Effluent from combined sewer overflows (CSOs) contains a wide array of 
pollutants, including heavy metals, nutrients, and human pathogens (USEPA, 1994). Throughout 
the Country, over 700 communities currently rely on CSO systems (USEPA, 2001). These are 
mainly small communities located in the Northeastern and Great Lakes regions of the Country; 
however, a few larger cities, most notably Atlanta, Philadelphia, and New York City (NYC) are 
also included (USEPA, 2005). For nearly 20 years, these regions have been mandated to control 
CSO-related pollution (USEPA, 1994).  Although most of these communities have undertaken at 
least some action to control discharges, a substantial amount of work remains to be done 
(USEPA, 2004). 
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1.1 Public Participation in Wet Weather Pollution Control  
Wet weather pollution discharges are controlled using best management practices 
(BMPs). These practices include structural engineering-type controls along with non-structural 
measures such as policy changes and community education programs. The role of non-structural 
controls, specifically community involvement have been gaining importance in recent years due 
to the fact that the sources of wet weather pollution are, to a large extent, controlled by the 
community around them (USEPA, 2005). For this reason, community involvement programs are 
a required  by the United States Environmental Protection Agency (USEPA) as part of 
management plans for communities dealing with both separate and combined stormwater 
systems (40 CFR 122.34(b)(2); USEPA, 1995). Such efforts are classified as pollution source 
controls and aim to modify the behaviors of the community-at-large that contribute to surface 
water pollution (Taylor and Wong, 2002).  Public participation efforts have proven to be 
especially helpful in residential areas where pollution prevention is done on a voluntary basis as 
the result of local action (Dietz and Clausen, 2004). Participation allows the community to gain 
understanding about the role they play within their watershed, and presents them with 
opportunities to take ownership and practice citizenship (Duram and Brown, 1999). 
There is evidence that outreach programs where the public actively participates are more 
effective at influencing behavior change than the more traditional, consultant-type education 
models (Taylor and Wong, 2002, Giacalone et.al., 2010, Swan, 2000, Ryan and Brown, 2000).  
Such participation has recently been linked to positive changes in water quality.  For example, 
controlled study in Connecticut paired two similar neighborhoods, collected two years of 
baseline data on water quality and residential behavior, and then began an intensive education 
program in one of the neighborhoods. The program included elements of participation such as 
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home visits and training in proper lawn maintenance and other household stormwater BMPs. 
After the education program ended, implantation of BMPs in the test neighborhood increased by 
34%, accompanied by significant decreases in NO3 and bacteria in the stormwater runoff from 
the neighborhood (Dietz and Clausen, 2004). While it is still difficult to quantify the cumulative 
effect such programs can have, examples like this one are building evidence that outreach efforts 
involving intensive training and community participation have a larger impacts on behavior 
change, and ultimately on water quality,  than education alone (Taylor and Wong, 2002; Dietz 
and Clausen, 2004).   
 
1.1 Water Conservation as a Wet Weather Pollution BMP 
This project assesses the technical feasibility of a community based, non-structural, BMP 
aimed at controlling inputs to CSO systems by encouraging residents to reduce their water use 
during rain events. A household could participate by reducing the amount of water they use for 
flushing toilets, washing dishes, taking showers, etc. during rain events; thereby reducing stress 
on the CSO system during the time of highest demand, and in turn reducing the flow volume and 
total pollutant load of the CSO discharge. 
Many cities across the country already have water conservation programs in place. These 
programs tend to focus more on protecting the water supply than on mitigating wet weather 
pollution; however conservation has been cited as a mechanism to reduce stress on existing water 
systems and reduce treatment costs (Dziegielewski, 1999). This study will focus on New York 
City (NYC), one of the largest regions in the Country which is still operating on a CSO system. 
At this time there are approximately 460 outfalls discharging raw sewage and stormwater into 
the City’s waters during wet weather events (NYSDEC, 2004). NYC has recognized water 
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conservation as a low-cost method for maximizing the capacity of the existing CSO system. 
According to the 2010 Green Infrastructure Plan, the City has undertaken several initiatives 
including the installation of 834,000 automatic meter readers (AMRs) that allow for accurate, 
hourly measurement of both commercial and residential water use; partnerships with city 
agencies to encourage water conservation programs; and analysis of the rate structure so as to 
encourage conservation (NYC, 2010).  The plan notes that even as population has increased, 
water use in the city has been decreasing at, on average, 0.9% per year which has lowered 
demand on the CSO system and allowed for more storage of stormwater flows (NYC, 2010). The 
2012 City Environmental Quality Report (CEQR) highlighted the need to identify further 
opportunities for water conservation in order to mitigate CSO events (NYC, 2012a). This study 
addresses this goal by going beyond general day-to-day water conservation to assess the 
potential of encouraging increased water conservation during rain events, the times of highest 
demand on the system.  
2.0 Methods  
2.1 Case Study Area  
The Gowanus Canal sub-sewershed of NYC was used as a case study for this project. 
This sewershed is 1,758 acres, 92% of which is served by a CSO system (NYC, 2008). There are 
11 identified CSOs that regularly discharge into the canal (see figure 2.1). The canal was 
originally a tidal creek that was dredged in the mid-1800s and quickly became one of the 
nation’s busiest terminals. Due to extensive industrial pollution, the 1.5-mile long canal was 
listed as a Superfund site in the Spring of 2010. This designation specifically targets the historic 
pollution located in the bottom sediments of the canal (USEPA, 2011).  
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The sewershed area draining to the largest outfall to the canal, RH-034, was selected as a 
case study site for this project (see figure 2.1). The sewershed area for this basin is 657 acres, 
and drains to the Red Hook Waste Water Treatment Plant. The outfall RH-034 is connected to 
the Gowanus pump station. This pump system is designed to divert flow to an interceptor via a 
flushing tunnel. The pump station was recently upgraded to include a screen to capture 
floatables. The upgrades also increased the pumping capacity of the station from 20MGD to 
30MGD (NYC, 2008). Once this capacity has been exceeded, flows are diverted to the outfall 
RH-034 which consists of 4, 163’’ diameter pipes that discharge to the head of Gowanus Canal 
(NYC, 2008).  
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Figure 2.1- Map of the Gowanus Canal with delineated sub-sewershed basins and RH-034 highlighted. Locations of CSO 
outfalls, pump stations, and regulators are also displayed. Data Sources: NYCDOITT (hydrography); NYCDEP (sewer); 
NYCDCP (civil boundaries); USDA (orthoimage).  
 
2.1 Sewershed Modeling and Data Sources   
The technical feasibility of the water conservation BMP was tested using the freely 
available version of USEPA’s Storm Water Management Model (SWMM). SWMM is a 
dynamic mathematical model which utilizes hydrologic and hydraulic data to simulate runoff 
water quality and quantity.  In this case, the model was used to simulate CSO flow volumes and 
pollutant loads to the Gowanus Canal on an annual basis as well as for individual storm events at 
various levels of water use.  
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At this time, there are no monitoring stations installed at any outfalls to the Gowanus 
Canal, therefore validation against real-time data was not possible. The City is currently planning 
to install flow-meter stations for post construction monitoring at the Gowanus pump station as 
well as at outfall OH-007. Thus, in the coming years current model projections may be able to be 
further validated an improved.  Model projections for this project were validated against current 
City projections which reflect all systems described in the Gowanus Facility Plan (NYC, 2008), 
have been updated to include all recent upgrades to the Gowanus pump station,  and reflect 
recent adjustments to climactic conditions in the NYC region (NYC, 2013).  
The sewershed network for RH-034 was parameterized within SWMM based on slope, 
channel flow, pipe, regulator, and pump station data received from the New York City 
Department of Environmental Protection (NYCDEP). This data was calibrated by the City 
during the Inner and Outer Harbor CSO planning project and updated with field measurements 
during the NYCDEP’s Use and Standards Attainment project (NYC, 2008).   All recent upgrades 
to the Gowanus Pump station were built into the model.  
Water use within the system was modeled as dry weather flow (DWF). The dry weather 
flow for RH-034 was represented by a diurnal time pattern provided by NYCDEP. Dry weather 
flow patterns for each individual outfall were determined by taking monitored flow data from the 
Red Hook treatment plant an apportioning it by the population density for the given sewershed. 
The average daily DWF contribution from the RH-034 sewershed to the system was determined 
to be 7.2MGD (see figure 2.2).    
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Figure 2.2- Baseline daily dry weather flow values for RH-034 (data from NYCDEP)   
 
Pollutants modeled for this project were Fecal Coliform (FC), Total Suspended Solids 
(TSS), Nitrogen (N), Phosphorous (P), Copper (Cu), Zinc (Zn), and Lead (Pb). Pollutant loading 
values were apportioned within the model as either dry weather flow or stormwater runoff. 
Stormwater runoff values were based on land use category. Four land use categories were 
considered for this model: highly urban, industrial, transportation, and open space. The 
sewershed region for RH-034 is characterized mainly as highly urban (see figure 2.3)   
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Figure 2.3- Land Use within the RH-034 Sewershed.  Data Sources: NYCDOITT (hydrography); NYCDCP (civil 
boundaries); NYCDCP (land use); USDA (orthoimage). 
 
According to the 2012 NYC Pilot Green Infrastructure Monitoring Report (NYC, 2012b) 
runoff water quality in NYC is similar to that of other urban regions as listed in database 
references. Therefore, all stormwater loading values used were obtained from current literature 
or database sources. In order to match appropriate land-use categories, stormwater loading values 
were cited from two different sources: loading values for Fecal Coliform, Nitrogen, and 
Phosphorous were cited from the National Stormwater Runoff Database (Pitt et.al, 2004), and 
Total Suspended Solids, Lead, Copper, and Zinc values were cited from Stein et al, 2008.  
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Loading values for dry weather flow were obtained from WEF, 1999. All loading parameters 
used are displayed in table 2.1.  
 
 Table 2.1 –  Model loading values for dry weather flow and stormwater runoff by land-use category.  
Parameter	  
Sewage	   Stormwater	  Build-­‐Up	  by	  Land	  Use	  Category	  	  
DWF	   Highly	  
Urban	  
Industrial	   Transportation	   Open	  
Space	  	  
Fecal	  Coliform	  (#/100mL)	   1*10^9	   1.1*10^4	   2.5*10^3	   1.7*10^3	   7.2*10^3	  
Nitrogen	  (ug/L)	   85000	   1390	   1400	   2000	   740	  
Phosphorous	  (ug/L)	   15000	   260	   260	   250	   310	  
Total	  Suspended	  Solids	  
(ug/L)	  	  
350000	   77.4	   92.2	   14.5	   134	  
Lead	  (ug/L)	  	   10	   28.4	   24.1	   3.3	   1.2	  
Copper	  (ug/L)	  	   220	   26	   70.3	   9.8	   7.6	  
Zinc	  (ug/L)	  	   280	   207.7	   599.1	   92.6	   23.2	  
DWF	  values:	  WEF,	  1999,	  Prevention	  and	  Control	  of	  Sewer	  System	  Overflows	  ;	  Fecal	  Coliform,	  Nitrogen	  and	  Phosphorous	  Land	  Use	  Values:	  
National	  Stormwater	  Quality	  Database,	  2004;	  Total	  Suspended	  Solids,	  Lead,	  Copper,	  and	  Zinc	  Landuse	  Values:	  Stein,	  et.al.,	  2008:	  
Comparison	  of	  Stormwater	  Pollutant	  Loading	  by	  Landuse	  Type	  	  	  	  
 
All meteorological data for this project was received from the National Climactic Data 
Center (NCDC). The “recent typical” climactic year for NYC has recently been updated to 2008 
(previously 1988), thus 2008 served as the model year for this project (NYC, 2013). This 
adjustment reflects climactic changes including a 6in. increase in annual precipitation from 
previous model years. Precipitation data is reported on an hourly basis. The threshold for a 
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recorded rain event is 0.01 in. of rain accumulated within a one hour period.  The JFK airport 
weather station in NYC reports a total of 46.3in. of rain for 2008. This equates to 98 rain events 
for the year when a separation time of 12hrs. between events is imposed.  
A baseline model was run for the year 2008 using all incorporated data. The water 
conservation BMP was then modeled by lowering the average daily DWF value of 7.2MGD in 
5% intervals to a minimum of 50% below the baseline value, for a total of 10 test scenarios. 
Flow volume and pollutant load totals were modeled on an annual and event-specific basis.  The 
effect of the water conservation BMP was measured by comparing the CSO flow volume and 
pollutant loads for all parameters in the test scenarios to those projected in the baseline model.  
 
3.0. Results and Discussion 
 
3.1 Storm Event and CSO Characteristics  
The baseline model reported 98 rain events and 42 CSO events (12 hr. separation times 
for each) for the year 2008. A plot of all 98 rain events is displayed in figure 3.1; events 
triggering a CSO are shown in red, while those not triggering a CSO are shown in blue.  
 
 
117	  	  
 
Figure 3.1- Ninety-eight modeled rain events for RH-034 in 2008. Events modeled to have triggered a CSO are shown in 
red; those not modeled to have triggered a CSO are shown in blue. Weather data was obtained from the National 
Climactic Data Center,  JFK Weather Station 94789.  
 
Rain events that did not lead to a CSO event were mainly very small (<0.018in/hr 
intensity). There were a few moderate rain events that did not lead to overflows, these were 
events where the total rain amount was spread over a long period of time (>24hrs.)  Eight of the 
42 modeled CSO events were triggered by small rain events, totaling less than 1/2in. of rain 
each. These events were mainly short but intense spring and summer storms. The smallest event 
to trigger a CSO was modeled to be on June 6, 2008, with 0.22 in of rain over 12 hours.  In 2008, 
there were 4 large (>2in.) rain events, all of which triggered CSO events. These were intense 
storms that lasted for long time spans (15+hrs). Most of the modeled CSO events for RH-034 fell 
somewhere in-between these small and large event categories. See table 3.1 for basic 
characteristics of the CSO events modeled at RH-034 for 2008.  
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Table 3.1- Basic characteristics of the 42 CSO events modeled at RH-034 for the year 2008.  
Event	  
Characteristics	  
Rain	  	  
Total	  
(in.)	  
Rain	  
Duration	  
(hrs.)	  	  
Rain	  Intensity	  
(in/hr.)	  
Peak	  Intensity	  
(in/hr.)	  
Overflow	  
Duration	  
(hrs.)	  	  	  
Mean	   0.962	   15.14	   0.078	   0.328	   3.75	  
Minimum	   0.220	   2	   0.018	   0.080	   0.6	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Maximum	  	   3.420	   56	   0.332	   1.360	   23.2	  
 
3.2. Modeled Flow Volume Reductions   
The baseline annual CSO flow at RH-034 was modeled to be 175MG (see table 3.2). The 
water conservation BMP did not drastically impact annual CSO flow volume at RH-034 (see 
figure 3.2). Flow was modeled to be reduced by a maximum of just over 5% annually at 50% 
water conservation.  
 
Figure 3.2- Annual flow reductions modeled at RH-034 as water use was dropped in 5%  intervals to 50% below the 
baseline value.   
 
Flow volume reductions were also evaluated on an event-by-event basis. Table 3.2 
displays the minimum, maximum, and average event CSO flow volumes along with annual 
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totals. The number of overflow events was not drastically affected by the water conservation 
BMP. Forty-two events were predicted by the model under baseline conditions; and only one 
event was eliminated as water conservation was increased to 50%.  In general, CSO volume 
reductions were small for all events modeled, regardless of the size of the rain event. Figure 3.3 
shows rain event totals for all 42 modeled CSO events plotted against baseline CSO flow and 
maximum modeled flow reductions at 50% water conservation.   
 
Table 3.2- minimum, maximum, and average event flows, along with total annual flow volumes for all 42 CSO events 
modeled at RH-034 for the year 2008.  
	   Baseline	   10%	  
Conservation	  	  
25%	  
Conservation	  	  
50%	  
Conservation	  
Minimum	  Event	  Volume	  (Gal.)	  	   6,995	   4,996	   1,998	   0	  
Maximum	  Event	  Volume	  (Gal.)	  	   25,429,659	   25,343,724	   25,084,921	   24,658,245	  
Average	  Event	  Volume	  (Gal.)	  	   4,153,460	   4,127,432	   4,051,228	   3,930,011	  
Total	  Annual	  Volume	  	  	  (Gal.)	  	   174,445,321	   173,352,152	   170,151,586	   165,060,459	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Figure 3.3- Baseline CSO flow volume at RH-034 for 42 modeled CSO events (blue); CSO flow at 50% water conservation 
for 42 modeled CSO events (red).  
 
 The one event modeled to have been eliminated by the water conservation BMP 
occurred on 3/5/2008, and was one of the smallest storms modeled to have produced a CSO 
event for the year 2008. This event totaled 0.28 inches of rain over 6 hours and triggered a CSO 
flow that lasted for 48 minutes. The baseline CSO flow for this event was modeled to be 
6,995Gal. This event was modeled to be eliminated at 40% water conservation. Figure 3.4 
displays a time series plot of this event at baseline flow, 25% water conservation and 50% water 
conservation.  
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Figure 3.4- Modeled CSO flow pattern at baseline, 25% and 50% water conservation for the rain event occurring on 
3/5/2008; the only event modeled to have been eliminated by the water conservation BMP.  
 
In contrast, the largest storm event modeled for 2008 occurred on 12/11/2008.  This event 
totaled 3.42 inches of rain over 56 hours and triggered a CSO flow that lasted for 14.6 hours. The 
baseline CSO flow for this event was modeled to be	  25.5 MG. The total flow volume was so 
large that even when the dry weather flow portion was reduced by 50%, only a 3% reduction in 
total flow was achieved.  Figure 3.5 displays a time series plot of this event at baseline flow, 
25% water conservation, and 50% water conservation. 
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Figure 3.5- Modeled CSO flow pattern at baseline, 25% and 50% water conservation for the rain event occurring on 
12/11/2008; the largest event modeled to have triggered a CSO event for the year 2008.   
 
The rain event that occurred on 9/9/2008 serves as an example of a typical event for the 
year 2008.  This storm totaled 0.77 in. of rain over 12 hours and triggered a 4.1MG CSO flow 
that lasted for 3.3 hours. Figure 3.6 displays a time series plot of this baseline flow along with 
modeled flows at 25% and 50% water conservation. The volume reduction in CSO flow for this 
event was small, totaling just under 5% even as water use was dropped to 50% of the baseline 
value. This pattern is typical of what was modeled for all 42 CSO events. These small reductions 
in flow are most likely due to the fact that the dry weather flow portion of the total CSO flow for 
each event was small enough that even large reductions in that portion could not have drastic 
effects on the total flow.  
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Figure 3.6 - Modeled CSO flow pattern at baseline, 25% and 50% water conservation for the rain event occurring on 
9/9//2008. This event serves as an example of a typical rain event and CSO flow at RH-034 for the year 2008.  
 
6.3. Modeled Pollutant Load Reductions   
 
The model predicted pollutant load reductions for all parameters tested, even given the 
low reductions projected for flow volume.  The highest load reductions were modeled for Fecal 
Coliform and Total Suspended Solids, which was expected because these parameters are most 
strongly associated with the sewage portion of the flow being reduced via water conservation 
(USEPA, 2001). Figure 3.7 displays the average annual pollutant load reductions for all 
parameters tested. In general, load reductions began to occur at 10% water conservation and 
continued to increase as water use was further reduced.  
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Figure 3.7- Average percent pollutant load reductions for all parameters tested as water use was lowered in 5% intervals 
to 50% below the baseline value.  
 
Pollutant removal trends were also analyzed on an event-by-event basis for the 42 
modeled CSO events for the year 2008. Table 3.2 displays baseline pollutant loads, along with 
the minimum, maximum, average, and total annual removals for each pollutant tested at10%, 
25% and 50% water conservation.  
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Table 3.2- Basic trends for modeled pollutant load reduction at RH-034. Baseline total loads are displayed along with 
reduction values at 10%, 25% and 50% water conservation. 
 
Baseline	  Total	  Load	  
Fecal	  
Coliform	  
(#)	  
Total	  
Suspended	  
Solids	  (lbs.)	  
Nitrogen	  
(lbs.)	  
Phosphorous	  
(lbs.)	  
Zinc	  
(lbs.)	  
Lead	  
(lbs.)	  
Copper	  
(lbs.)	  
Minimum	  Event	  Load	   4.94E+13	   3.8037	   0.9983	   0.1751	   0.0112	   0.0019	   0.0034	  
Maximum	  Event	  Load	   8.37E+16	   6453.99	   1872.15	   326.12	   38.23	   5.32	   8.07	  
Average	  Event	  Load	  	   1.80E+16	   1386.02	   384.84	   67.24	   6.35	   0.95	   1.51	  
Total	  Annual	  Load	   4.27E+17	   32,947.47	   10,145.03	   1,760.53	   258.98	   33.99	   48.95	  
Load	  Reduction	  	  at	  
10%	  Water	  
Conservation	  
Fecal	  
Coliform	  
(#)	  
Total	  
Suspended	  
Solids	  (lbs.)	  
Nitrogen	  
(lbs.)	  
Phosphorous	  
(lbs.)	  
Zinc	  
(lbs.)	  
Lead	  
(lbs.)	  
Copper	  
(lbs.)	  
Minimum	  Reduction	   1.08E+13	   0.83	   0.21	   0.04	   0.00169	   0.00035	   0.00065	  
Maximum	  Reduction	   4.38E+15	   337.10	   80.48	   14.22	   0.19868	   0.08069	   0.19303	  
Average	  Reduction	   9.48E+14	   72.99	   17.72	   3.13	   0.05565	   0.02085	   0.04556	  
Total	  Annual	  
Reduction	  
3.98E+16	   3,065.46	   744.09	   131.32	   2.33721	   0.87553	   1.91342	  
Load	  Reduction	  	  at	  
25%	  Water	  
Conservation	  
Fecal	  
Coliform	  
(#)	  
Total	  
Suspended	  
Solids	  (lbs.)	  
Nitrogen	  
(lbs.)	  
Phosphorous	  
(lbs.)	  
Zinc	  
(lbs.)	  
Lead	  
(lbs.)	  
Copper	  
(lbs.)	  
Minimum	  Reduction	   3.96E+13	   3.05	   0.80	   0.14	   0.0084	   0.0015	   0.0027	  
Maximum	  Reduction	   1.83E+16	   1407.49	   339.61	   59.96	   0.87	   0.38	   0.85	  
Average	  Reduction	   3.79E+15	   291.60	   70.88	   12.51	   0.23	   0.08	   0.18	  
Total	  Annual	  
Reduction	  	  
9.54E+16	   7,350.44	   1,808.32	   318.8	   8.15	   2.38	   4.9	  
Load	  Reduction	  	  at	  
50%	  Water	  
Conservation	  
Fecal	  
Coliform	  
(#)	  
Total	  
Suspended	  
Solids	  (lbs.)	  
Nitrogen	  
(lbs.)	  
Phosphorous	  
(lbs.)	  
Zinc	  
(lbs.)	  
Lead	  
(lbs.)	  
Copper	  
(lbs.)	  
Minimum	  Reduction	   4.94E+13	   3.80	   1.00	   0.18	   0.01	   0.0019	   0.0034	  
Maximum	  Reduction	   3.79E+16	   2917.26	   704.27	   124.35	   1.84	   0.79	   1.76	  
Average	  Reduction	   8.57E+15	   660.11	   160.26	   28.28	   0.50	   0.19	   0.41	  
Total	  Annual	  
Reduction	  	  
2.18E+17	   16,817.49	   4,131.57	   728.47	   17.83	   17.83	   11.11	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Storm size was a factor in the success of the water conservation BMP as far as pollutant 
load reduction was concerned. Figures 3.8- 3.14 display baseline pollutant loads compared with 
those at 10%, 25%, and 50% water conservation. Pollutant loads are plotted against the rain total 
for each of the 42 CSO events modeled.  
 
 
Figure 3.8- Modeled Fecal Coliform load at RH-034 as water use is reduced  by 10% (orange), 25% (red),  and 50% 
(green)  from baseline value (blue).  
 
 
 
 
0	  1E+16	  
2E+16	  3E+16	  
4E+16	  5E+16	  
6E+16	  7E+16	  
8E+16	  9E+16	  
0	   0.5	   1	   1.5	   2	   2.5	   3	   3.5	   4	  
F.
Co
li	  
Lo
ad
s	  
(#
)	  
Rain	  Total	  (in.)	  
Modeled	  Fecal	  Coliform	  Load	  at	  RH-­‐034	  as	  Water	  
Use	  is	  Reduced	  from	  Baseline	  Value	  During	  Rain	  
Events	  Baseline	  10%	  Conservation	  25%	  Conservation	  
127	  	  
 
Figure 3.9- Modeled TSS load at RH-034 as water use is reduced  by 10% (orange), 25% (red),  and 50% (green)  from 
baseline value (blue). 
 
 
 
Figure 3.10- Modeled Nitrogen load at RH-034 as water use is reduced  by 10% (orange), 25% (red),  and 50% (green)  
from baseline value (blue). 
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Figure 3.11- Modeled Phosphorous load at RH-034 as water use is reduced  by 10% (orange), 25% (red),  and 50% 
(green)  from baseline value (blue). 
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Figure 3.12 - Modeled Copper load at RH-034 as water use is reduced by 10% (orange), 25% (red),  and 50% (green)  from baseline 
value (blue). 
 
 
 
Figure 3.13- Modeled Lead load at RH-034 as water use is reduced  by 10% (orange), 25% (red),  and 50% (green)  from baseline value 
(blue). 
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Figure 3.14- Modeled Zinc load at RH-034 as water use is reduced by 10% (orange), 25% (red),  and 50% (green)  from baseline value 
(blue). 
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pollutant load reductions for all parameters tested (see table 3.2).  For this event, the largest 
reductions in pollutant loads were seen for Fecal Coliform and Total Suspended Solids. 
Removals for these parameters ranged from 4% each at 10% water conservation, to 44% each 
when water use was reduced to 50% of the baseline value. For this storm event, the maximum 
modeled reductions for Nitrogen, Phosphorous, Copper, Zinc, and Lead represented 38%, 39%, 
42%, 25%, and 35% of the total loads for each pollutant, respectively. It is important to note that 
these pollutant load reductions are modeled with just a 3% reduction in total CSO flow volume.  
Pollutant load reductions for most of the CSO events modeled fell in-between these two 
extremes. The moderate -sized storm event that occurred on 9/9/2008 (see figure 3.3) is an 
example of a typical rain and CSO event for the year 2008 with pollutant load reductions close to 
the average removals displayed in table 3.2. Fecal Coliform and Total Suspended Solids both 
showed load reductions ranging from 4% each at 10% water conservation to 50% each as water 
use was dropped to 50% below the baseline value. Nitrogen, Phosphorous, Copper, Zinc, and 
Lead were reduced by a maximum of 45%, 45%, 30%, 8%, and 22% respectively at 50% water 
conservation. These removals were achieved with just a 4% reduction in total CSO flow.  
Based on this modeling analysis, it seems that the water conservation BMP would work best 
to reduce pollutant loads by changing the composition of the combined sewage overflow rather 
than reducing total flow. Overall, modeled pollutant load reductions were quite large given the 
relatively small associated reductions in flow. This is most likely due to the fact that, while dry 
weather flow makes up only a small portion of the total CSO flow volume, it contains a much 
higher concentration of pollutants, specifically nutrients and bacteria (WEF, 1999)   
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4.0 Conclusions 
 
NYC is not alone in its struggle to control CSO flows. Other cities including Chicago, 
Portland, Philadelphia, Washington D.C. and Atlanta are also working to eliminate such 
discharges (USEPA, 2004).  Urban regions like these are often space-limited and therefore 
cannot rely heavily on traditional engineering controls such as retention/detention basins to lower 
the stormwater portion of CSO flow and thereby increase the capacity of their systems. At the 
same time, upgrades to existing wastewater treatment facilities are difficult to place and to fund 
(Tibbetts, 2005; Montalto et.al., 2012).  For these reasons, many regions have turned to green 
infrastructure-based controls, as suggested in the most recent USEPA guidance document for 
CSO control (USEPA, 2014).  BMPs common in urban regions such as porous pavement, green 
roofs,  and bioretention have been successful at reducing flow volume (Dietz, 2007; Berdtsson, 
2010; Dreelan et.al., 2006; Legret and Colandini, 1999; Hatt, Fletcher, and Deliltic, 2008), TSS 
(Legret and Colandini, 1999; 	  Bratieres, 2008) and  heavy metal loads (Stuselhoff, 1998; Legret 
and Colandini, 1999; Davis et. al, 2003); but have had varied results treating bacteria (Clary et.al, 
2008; Dietz, 2007) and nutrients (Berndtsson, 2010;	  Boving, Stolt, Augenstern, and Bronson, 
2008, Davis, 2001; Bratieres, 2008; Hatt, Fletcher, and Delitic, 2008). The pollutant load 
reductions modeled in this pilot study, specifically those for bacteria and nutrients, suggest that 
for the Gowanus Canal region, the water conservation BMP has the potential to serve as a 
valuable complement to proposed green infrastructure measures. Unlike Green Infrastructure 
controls, water conservation would specifically target the sewage portion of the flow, thereby 
working to lower bacteria and nutrient counts where they are the most concentrated (WEF, 
1999).  
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It is important to note that in order for the water conservation BMP to be successful, 
significant public participation would be required. This would involve extensive education and 
training programs aimed at raising sewershed awareness. The BMP would also require a warning 
system to inform residents when a CSO event is likely occurring and water conservation is 
encouraged. Public warnings of CSO discharges are already a requirement for all regions across 
the Country with CSO systems (USEPA, 1995). The City of New York has a CSO warning 
system via website and social media listed as a priority in their long-term CSO management plan 
(NYC, 2012c). Many other cities working to control CSO discharges such as Seattle, Atlanta, 
and Washington D.C. already have warning systems in place. These warnings contain notes that 
residents should refrain from fishing, swimming, wading, or otherwise making contact with the 
affected waters during the span of the CSO event and some time after (State of Oregon, 2011; 
District of Columbia, 2002; City of Atlanta, 1999).  If proper education and community buy in to 
water conservation programs in these regions were established, warning messages in NYC and 
similar CSO communities could foreseeably be adjusted to include an encouragement for 
increased water conservation during overflow events. 
With over 700 communities still struggling to control CSO discharges (USEPA, 2014), it is 
clear that a variety of BMPs will be necessary in order to achieve success. The USEPA’s recent 
call for the integration of Green Infrastructure into CSO control plans is a step in the right 
direction; however, Green Infrastructure alone cannot solve the problem (USEPA, 2014). All 
communities working to control CSO discharges are required to develop community 
participation plans and CSO warning systems (USEPA, 1995). It would behoove these 
communities to utilize the full potential of this requirement. The water conservation BMP could 
serve as a natural extension to planned or existing public participation plans in CSO 
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communities. It is increasingly important that such programs be sown to have a quantitative 
impact on local water quality (Taylor and Wong, 2002), and the water conservation BMP is an 
example program that has the potential to have such an effect.   
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Appendix viii- Publishable Article 2 
	  
Residential Water Conservation to Mitigate Wet Weather Pollution:  
Gauging Public Willingness to Participate 
 
Suzanne Stempel  
CUNY Graduate Center  	  
Abstract 
Public participation programs are an important element of Long Term Control Plans for 
regions working to control pollution from combined sewer overflows. Such programs exist at 
varying levels across the Country. Programs including active public involvement have been 
shown to do more to influence behavior (Taylor and Wong, 2002) and therefore water quality 
(Dietz and Clausen, 2004) than purely educational campaigns. The goal of this project was to 
assess public understanding and interest in participating in community based, non-structural, 
best management practice aimed at controlling inputs to combined sewage systems by 
encouraging residents to reduce their water use during rain events. A household could 
participate by reducing the amount of water they use for flushing toilets, washing dishes, taking 
showers, etc. during rain events; thereby reducing stress on the system during the time of highest 
demand. Public interest and understanding were gauged via a quantitative community survey. 
Survey results indicated positive interest in participating in the water conservation program.  
Results regarding public understanding suggest that educational efforts aimed at increasing 
sewershed awareness and specific training regarding the effects of various types of water use on 
water quality would be beneficial to the success of such a program.    
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1.0 Introduction  
Wet weather pollution discharges, namely stormwater and combined sewage overflows 
(CSOs), continue to be a leading source of surface water pollution in the United States (USEPA, 
2005). Combined sewage systems, which regularly discharge mixed stormwater and raw sewage 
into local waters, are a national priority. Effluent from CSOs contains a wide array of pollutants, 
including heavy metals, nutrients, and human pathogens (USEPA, 1994). Rain events and 
subsequent pollutant loading from CSOs have been linked not only to degradation of natural 
water quality, but also to increased outbreaks of food and water-born diseases (Rose, Epstein, 
Lipp, Sherman, Bernard, Patz, 2001). Thus, wet weather pollution can be viewed as a threat to 
both environmental and public health 
Under the Federal CSO Control Policy, all communities with such systems have been 
ordered to come into compliance since 1994 (USEPA, 1994). Currently, over 700 communities 
across 32 states still rely on combined systems that regularly discharge raw sewage into local 
waters (USEPA, 2014).  Most of these are small communities throughout the Northeast and 
Midwest, but a few large cities including Chicago, New York City, Philadelphia, Atlanta, and 
Washington D.C. are also included (see figure 1.1).    
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Figure 1.1- Map displaying the geography of CSO communities throughout the United 
States (Image: USEPA; 2004)	  
	  
In the movement towards more sustainable management of these inputs, non-structural 
controls including education and community involvement have gained momentum as effective 
pollution source-controls (Dietz, Clausen, and Filchak, 2004). Such efforts aim to modify 
behaviors of the community-at-large that contribute to surface water pollution (Taylor and 
Wong, 2002).  Communities with combined sewage systems are required to develop public 
participation programs as they develop the Long Term Control Plans (LTCPs) required under the 
Federal CSO Control Policy (USEPA, 1995). These regulations give communities some freedom 
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to design their own methods of education and outreach, which has led to the development of a 
wide range of programs.  
Most CSO communities have addressed the public involvement requirement by (1) 
holding a series of informative public meetings to raise awareness and (2) working towards real-
time notification and warning systems for CSO overflows (State of Oregon, 2011; District of 
Columbia, 2002; City of Seattle, 2013, City of Atlanta, 1999, City of St. Louis, 2011, NYC, 
2012b). The City of Seattle, WA is an example of a community that has gone beyond the general 
requirements of the USEPA’s template LTCP (USEPA, 2007) and integrated a diverse 
community participation plan. Seattle has online, real-time warnings for CSO outfalls within the 
district that are accessible to the public at any time. They have also instituted the RainWise 
program which offers rebates to property owners who disconnect their roof and channel drainage 
and re-rout it through natural drainage systems installed on their property. The program began in 
2010 and to date has led to the addition of over 250 installed cisterns and rain gardens in the area 
(City of Seattle, 2013). The City shares their success by displaying a map of all participating 
residents on their website.  
There is evidence that interactive outreach programs, such as the Seattle RainWise 
program, are more effective at influencing behavior change than the more traditional, consultant-
type education models (Taylor and Wong, 2002).  In 2002, Ryan and Brown claimed that the 
educational campaigns that make up the majority of outreach efforts, while important and well-
intentioned, are “limited in their capacity to produce the sorts of outcomes that will achieve 
social action”. They state that for programs to truly influence community behaviors, they must 
contain an element of participation. A survey of watershed-health related behaviors in the 
Chesapeake Bay region highlights this concept. The study noted that while media campaigns and 
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intensive training were both effective educational methods; the media campaigns worked more to 
raise awareness, while the training programs did more to actually change household behaviors 
(Swan, 2000). The Master Gardner program implemented in Florida, which includes intensive 
participatory training sessions, is a commonly cited example of a successful program.  This 
program aims to control runoff from residential lawns by training participants in a number of 
BMPs including proper fertilizer application, pesticide use, and plant selection. Active 
participants in the training program had a change rate for the tested behaviors of 36% compared 
to rates of 24% for those who only went to seminars, and 15% for those who only received 
publications (Lofland, 1999).    
 Active participation allows the community to gain understanding about the role they play 
within their watershed, and presents them with opportunities to take ownership and practice 
citizenship (Duram and Brown, 1999). A controlled study in Connecticut paired two similar 
neighborhoods, collected two years of baseline data on water quality and residential behavior, 
and then began an intensive education program in one of the neighborhoods. At the end of the 
test cycle, implementation of BMPs in the test neighborhood had increased by 34% compared to 
the control group and was accompanied by significant decreases in NO3 and bacteria in the 
stormwater runoff from the neighborhood (Dietz and Clausen, 2004). While it is still difficult to 
quantify the direct effects that such programs have on water quality; examples like this one are 
building evidence that outreach efforts involving intensive training and participation have a 
stronger impact than education efforts alone (Taylor and Wong, 2002; Dietz and Clausen, 2004). 
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1.2 Water Conservation as a Community-Based, Wet Weather BMP  
The Goal of this project was to assess public understanding and interest in participating in 
a community-based BMP aimed at controlling inputs to CSO systems. During rain events 
combined sewage systems have to deal with the normal daily sewage loads as well as the 
additional volume from rain run-off.  Most urban BMPs focus on lowering the stormwater 
portion of this flow in order to reduce the stress on the system and prevent or lessen CSO flows. 
This project will address a BMP aimed at lowering the sewage portion of the flow. A household 
could participate by reducing the amount of water they use for flushing toilets, washing dishes, 
taking showers, etc. during rain events; thereby reducing stress on the CSO system during the 
time of highest demand, and in turn reducing the flow volume and total pollutant load of the 
CSO discharge. 
Many cities across the country already have water conservation programs in place. These 
programs tend to focus more on protecting the water supply than on mitigating wet weather 
pollution; however conservation has been cited as a mechanism to reduce stress on existing water 
systems and reduce treatment costs (Dziegielewski, 1999).  
This study will focus on New York City (NYC), one of the largest regions in the Country 
which is still operating on a CSO system. NYC has already acknowledged water conservation as 
a low-cost method for maximizing the capacity of the existing CSO system. According to the 
City’s Green Infrastructure Plan, the City has already initiated several programs to encourage 
conservation including the installation of automatic meter readers, analysis of the rate structure, 
and partnerships with other agencies to promote conservation (NYC, 2010).  The plan notes that 
even as city-wide population has increased, water use has been decreasing at, on average, 0.9% 
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per year.  This has lowered the demand on the CSO system and allowed for more storage of wet 
weather flows (NYC, 2010). The 2012 City Environmental Quality Report (CEQR) highlighted 
the need to identify further opportunities for water conservation in order to mitigate CSO events 
(NYC, 2012a). This study addresses this goal by going beyond general day-to-day water 
conservation to assess the potential of encouraging increased water conservation during rain 
events, the times of highest demand on the system.  
 
2.0 Case Study Area 
The Gowanus Canal, located in Brooklyn, NY (see figure 2.1) was used as a case-study 
for this project. Originally a tidal creek, the canal was dredged in the mid-1800s and quickly 
became one of the Nation’s busiest terminals. The banks of the 1.5 mile-long canal were lined 
with heavy industry including tanneries, soap manufacturers, coal processors, gas works, 
chemical plants, paint factories, and oil refineries. The canal was listed as a Superfund site in 
Spring, 2010. The Superfund designation specifically targets the historic pollution located in the 
toxic sediments of the canal (USEPA, 2011).  
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Figure 2.1- Map of Gowanus Canal sewershed (shaded green) with CSO outfalls (red), 
pump station (blue), and regulators (yellow). Data Sources: NYCDOITT (hydrography); 
NYCDEP (sewer); NYCDCP (civil boundaries); USDA (orthoimage). 
 
In addition to the historic pollution, there are 11 identified CSOs that regularly discharge 
into the canal (see figure 2.1). Two wastewater treatment facilities service the canal region: the 
Owls Head facility which opened in 1957 and the Red Hook facility which began operations in 
1987 (NYC, 2008a). When the capacities of these systems are overwhelmed, untreated 
stormwater and raw sewage is discharged directly into the canal. As of 2008, it was estimated 
that a total of 452MG was discharged annually into the canal (NYC, 2008a).  
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NYC is currently under a consent order from the State to resolve the CSO issue 
(NYSDEC, 2004). According to the September 2013 record of decision (USEPA, 2013) CSO’s 
will also be addressed as part of the Superfund clean-up due to the fact that target pollutants have 
been detected in wet weather discharges to the canal. The USEPA will oversee the City in 
lowering overflow volume in the heavily polluted upper and middle sections of the canal by 
approximately 34 percent.  Concurrently, the City is in the process of developing Long Term 
Control Plans for all of its sewersheds. This process is expected to be completed by 2018. All 
plans will include an element of community participation (NYC, 2012b).  
 
Figure 2.2- Map of Land Use within the Gowanus Canal Sewershed. Data Sources: 
NYCDOITT (hydrography); NYCDEP (sewer); NYCDCP (land use); USDA (orthoimage). 
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The current drainage basin of the Gowanus Canal is approximately 1,758 acres, 92% of 
which is served by a CSO system (NYC, 2008a). Most of the industrial and commercial 
properties are located along the banks of the canal, with the remainder of the sewershed being 
mostly residential and mixed residential (see figure 2.2). There are eight neighborhoods at least 
partially within the Gowanus sewershed: Park Slope, Gowanus, Carroll Gardens, Boerum Hill, 
Prospect Heights, Red Hook, Downtown, and Greenwood.  Based on the 2010 American 
Community Survey (ACS), the neighborhoods of Downtown, Park Slope, Boerum Hill, and 
Prospect Heights have mean family incomes well above the City average of $77,987/ year. The 
neighborhoods of Greenwood, Gowanus, and Red Hook remain working class, with mean family 
incomes mainly in the average to below-average range for NYC.  The section of Greenwood 
included in the sewershed is mainly highway/ industrial, and is largely non-residential. 
 
3.0 Methods 
Willingness of the Gowanus community to participate in the water conservation BMP was 
evaluated via a quantitative community survey. The main goal of the survey was to determine 
whether the population residing in the Gowanus sewershed would be likely to participate in an 
effort to use less water during storm events in order to reduce pollutant loads to the Canal. Sub-
questions investigated included: (1) Are residents aware that they live within the Gowanus 
sewershed; (2) Do residents feel concerned about or threatened by the Canal; and (3) Do these 
factors change based on demographic or geographic lines? 
A GIS-based predictive model utilizing situational variables that could be tracked 
geographically was created to guide survey distribution. The main situational variables expected 
to play a role in the decision to participate in the water conservation BMP were income, 
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education, and proximity. In general, positive environmental attitudes have been correlated with 
responsible environmental behavior (Roberts and Bacon, 1997). Highly educated, high income 
earning individuals are most likely to have pro-environmental attitudes, thus these two variables 
were selected as indicators of willingness to participate (Dunlap, Liere, Mertig, and Jones, 2000 ; 
Barr, 2007; Roberts and Bacon, 1997).  Roberts and Bacon (1997) demonstrated that personal 
experience, such as living close to a landfill in the case of waste management, has been shown to 
provide extra motive to act in a pro environmental way. This result was echoed in survey of 
watershed-level stormwater behaviors in Australia which noted that geographic variables, such 
as perceived neighborhood size and proximity to waterbodies are related to pro-environmental 
decision making (Syme, Nancarrow, and Jorgensen, 2002).  Thus, proximity to the canal was 
also included as a potential indicator of likelihood to participate.  
Census-tract level data gathered from the 2010 U.S. Census and American Community 
Survey (ACS) was used to create the model within GIS (ESRI ArcGIS, version 10). Each tract 
was given a score for education, income, and proximity. The score for each variable was then 
combined to generate a total for each census tract. For education and income, the mean value for 
each tract was compared to the mean of the NYC as a whole, those within 10% of that range 
were considered to be within the average range, and rated medium likelihood to participate. 
Those below the average range were rated a low likelihood to participate, and those above the 
average range were rated high likelihood. The “near” tool within GIS was used to compute 
proximity scores. All tracts within 500ft. for the Canal were rated high likelihood to participate, 
those 501-1000ft. were rated medium, and those farther away were rated low likelihood. Figure 
3.1 (A) displays the component scores of the model, and 3.1(B) displays the totaled participation 
scores.   
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Figure 3.1- (A) Results of the predictive model for components distance, education, and 
income. (B) Results of predictive model for predicted participation. Data Sources: NYCDCP 
(Civil Boundaries), 2010 Census (Income), 2010 American Community Survey (Education). 
 
 
A random cluster approach was used to distribute surveys. Total scores for each census tract 
were used to generate clusters of high, medium, and low likelihood of participation. Two tracts 
from each cluster, and then four blocks from each selected tract were then randomly selected for 
survey distribution.  Figure 3.2 displays the blocks selected for survey.  
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Figure 3.2- Blocks in the high (green), medium (yellow), and low (red) regions of predicted 
participation selected for survey. Data Sources: NYCDOITT (hydrogeography), NYCDCP 
(civil boundaries), ACS2012 (demographic data); USDA (orthoimage). 
 
The survey was carried out via mail, using the Dillman Total Design Method (Dillman, 
1978, 1983, 1991). Two-hundred-seventy-two responses were collected. These responses 
statistically represent the community within a range of 90% confidence.  Respondent profiles, for 
the most part, were comparable to the 2010 U.S. Census and American Community Survey 
(ACS) data for the region (see table 3.1).  Percentages of homeowners and college attainment 
were higher than the mean values for the region.  
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Table 3.1- Comparison of survey respondents with 2010 Census and American Community Survey Data. 
Parameter	   U.S.	  Census/	  ACS	  data	  
for	  Surveyed	  Region	  
Survey	  Respondents	  	  
Mean	  Income	   106,172	   "Over	  88K"	  
%	  Renters	   75	   62	  
%	  Home	  Homeowners	   25	   38	  
%	  College	  or	  Higher	   60	   88	  
Mean	  Age	  	   34	   "30's"	  
 
 
4.0 Results and Discussion  
4.1 Willingness to Participate 
Respondents were asked to rank their willingness to participate in the water conservation 
BMP on a scale of 1 (low likelihood) to 5 (high likelihood). Overall, analysis of the survey 
suggests that there is a definite interest in the water conservation BMP within the Gowanus 
Canal sewershed, with 83% of the respondents indicating at least some willingness to participate 
(responded 3 or higher out of 5).  On average, those surveyed ranked their overall willingness to 
participate as a 3.6 out of 5. For further detail, questions regarding the timing, duration, and 
activities respondents would be willing to alter in order to conserve water during rain events 
were asked. A summary of these results is displayed in table 4.1, below.  
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Table 4.1- Basic statistics detailing survey respondents’ willingness to participate in the 
water conservation BMP broken down by time of day, duration, and activity.  
 
 
Willingness to Participate in Water Conservation 
BMP: Detail questions (scaled out of 5)  
 Time of Day 
 Morning Afternoon Evening Night 
Mean 2.52 3.91 3.44 3.90 
Median 2 4 4 4 
Mode 1 5 4 5 
  Duration of Conservation  
 1-3 hrs. 4-5 hrs. 6+ hrs. 
Mean 3.70 2.69 1.98 
Median 4 3 2 
Mode 5 3 1 
 Activity  Altered 
 Showers Laundry Dishes Flushing 
Mean 2.85 4.09 3.58 2.40 
Median 3 5 4 2 
Mode 3 5 5 1 
 
Survey respondents were most likely to be able to conserve water in the afternoon and 
nighttime hours and were least likely to conserve water in the morning. Most respondents were 
willing to conserve water for up to 3 hrs. with willingness declining as duration of conservation 
increased. The activities survey respondents were most likely to alter in order to conserve water 
were doing laundry and dishes; they were less likely to delay taking showers or flushing the 
toilet. Future educational and training programs will need to address these factors further as it is 
expected that refraining from flushing toilets would lead to the greatest reduction in fecal 
coliform, suspended solids, and nutrient loads.  
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4.2 Predictors of Participation  
Situational variables that could be tracked geographically: income, education, and 
proximity to the Canal, were used to build a predictive model of participation. These parameters 
did not turn out to be significant indicators of overall willingness to participate in the water 
conservation BMP (see table 4.2). Additional situational variables were tested based on survey 
responses. Age of respondent, time at current residence, home ownership status, and number of 
people per household were also not significant predictors of willingness to participate.  
Psychological variables also play a role in an individual’s willingness to act in a pro-
environmental way (Barr, 2007). It has been shown that logistical factors such as time to act and 
the perceived ease or convenience of the behavior play a role in the decision to act (Ajzen, 1991, 
Gamba and Oskamp, 1994, and Steel, 1996).  The water conservation BMP represents a change 
in a households “status quo” behavior, therefore it was predicted that logistics may be a barrier to 
implementation of the BMP.  However, it was predicted that another psychological variable, 
environmental threat, may overcome this barrier. In a 1992 study, Baldassare and Katz found that 
if an individual feels an environmental threat to their personal well-being, it can over-ride other 
predictors and motivate the individual to act in a pro-environmental way. While logistics did not 
represent a significant indicator in this case, environmental threat (CSO threat and CSO concern) 
did predict an individual’s willingness to participate in the water conservation BMP. Of all 
variables tested these were the only significant indicators established (see table 4.2).  
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Table 4.2- Correlations between test parameters and survey respondents overall 
willingness to participate in the water conservation BMP 
 
Parameter Pearson Correlation 
Spearman 
Correlation Parameter 
Pearson 
Correlation 
Spearman 
Correlation 
Cluster (High, 
Medium, Low)  
-0.04 -0.04 Residence 
Years 
0.11 0.09 
Income 0.04 0.03 Rent or Own -0.10 -0.10 
Education 0.11 0.11 Age 0.02 0.04 
Proximity -0.04 -0.04 People per 
Household 
0.05 0.04 
CSO Concern .272** .255** Logistics	   0.060	   0.084	  
CSO Threat  .225** .230** Sewershed 
Aware 
0.08 0.07 
*significant at 0.05 level; **significant at 0.01 level 
 
Background questions revealed that 65% of respondents felt concerned about or 
threatened by CSOs.  Further analyses showed that the only positive indicator of environmental 
threat was an individual’s awareness that they lived within the Gowanus Canal sewershed 
(sewershed awareness; p= 0.220; 0.264 respectively). Only 34% of survey respondents were 
aware prior to the survey that they lived in the Gowanus Canal sewershed.  This result suggests 
that educational efforts aimed at increasing sewershed awareness within the Gowanus area may 
help to raise concern about CSO pollution and subsequently make residents more likely to take 
action to reduce overflows to the canal, such as participating in the water conservation BMP.  
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5.0 Conclusions  
NYC is one of over 700 communities in the United States working to control flows from 
CSOs (USEPA, 2014). Exorbitant costs and limited space have hindered many urban regions 
from coming into compliance with CSO policy (Tibbetts, 2005). It is becoming clear that a 
variety of BMPs must be utilized in order for all communities to work towards successful CSO 
management. The USEPA has recently suggested Green Infrastructure as a cost effective tool to 
aid in CSO management, citing the additional assets it adds to the communities where it is 
installed. They also note, however, that Green Infrastructure alone cannot solve the problem 
(USEPA, 2014).  
All communities developing LTCPs for CSO control are required to include an element 
of public participation. While many municipalities have used this as an avenue to raise 
awareness, this requirement can also be viewed as a vehicle to achieve further pollution 
reduction as part of a “treatment train”.   It is becoming increasingly important that non-
structural, community-based measures be shown to have a positive impact on local water quality 
(Taylor and Wong, 2002).  Research has shown that community programs involving active 
public participation have a greater effect on behavior change (Loffland, 1999, Swan, 2000, 
Taylor and Wong, 2002) and consequentially local water quality (Dietz and Clausen, 2004) than 
education models aimed purely at raising awareness. The water conservation BMP is an example 
of such a program.  
While interest in the water conservation BMP within the Gowanus Canal sewershed has 
been established, success of the program in this and other regions would hinge on (1) successful 
education and training programs, and (2) a warning system announcing the threat of a CSO event 
so participants know when water conservation is necessary. As part of the public involvement 
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requirements, all CSO communities must develop warning systems to inform citizens when a 
CSO event is occurring (USEPA, 1995). The City of New York has CSO warning systems via 
website and social media listed as a priority in their long-term CSO management plan (NYC, 
2012b). Other cities such as Seattle, Washington D.C., and Atlanta already have CSO warning 
systems in place (State of Oregon, 2011; District of Columbia, 2002; City of Atlanta, 1999). 
These warnings include messages cautioning citizens from swimming, fishing, or otherwise 
making contact with the affected waters for the time period of the CSO event and some time 
after. If proper training programs were put in place and community buy-in was established, these 
warnings could be altered to contain a message encouraging increased water conservation during 
CSO events.  
It has been 20 years since the Federal CSO Policy was established. With so many 
communities still working to control CSO flows, the need to make the most out of each selected 
BMP is clear. The water conservation BMP would serve as a complement to existing and 
planned infrastructure controls while helping CSO communities to make the most out of 
investments aimed at meeting the public involvement requirement of the LTCP.   
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